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ABSTRACT
Integration of fisheries ecology with the assessment of microplastic consumption in black
bass in the upper Ohio River drainage

Kaylyn Zipp
This thesis explores the dynamics of microplastic consumption of black bass
(smallmouth, Micropterus salmoides, largemouth, M. dolomieu, and spotted bass, M.
punctulatus) in the Monongahela and Kanawha River and explores dietary characteristics in the
Ohio, Monongahela, and Kanawha River. The first chapter serves as an introduction and
synthesis of microplastic consumption, fisheries ecology, and regional information. The second
chapter quantifies microplastic consumption in the Monongahela River and explores spatial
variation within and between species by pool and seasonal effects. The third chapter consists of
exploratory Quasi Poisson modeling of total microplastics in the Point Marion pool,
Monongahela River, WV using microplastic shape characteristics, fish population characteristics
and dietary metrics. The fourth chapter quantifies microplastic consumption in the Kanawha
River and explores annual variation. Comparisons are made between the Monongahela River and
the Kanawha River to determine how consumption changes throughout the landscape. The final
chapter assesses black bass diet in the Monongahela, Kanawha, and Ohio Rivers.
Microplastic consumption has been noted in a wide array of ecosystems but remained
unquantified and understudied in freshwater riverine environments and consumption has not
been previously explored in the Upper Ohio River drainage. This study is the first to quantify
microplastic consumption of black bass in the Monongahela and Kanawha Rivers. Quasi Poisson
general linearized models and contrasts were used to determine significant variation within and
between species in each river system as well as temporally and spatially. All individuals
examined contained microplastic. In the Monongahela River the maximum count was 281
pieces, accumulations that are similar in scale to what has been noted in Great Lake fish. Across
pools within species variation expressed few significant differences, but interspecies differences
demonstrated a higher number of significant relationships potentially due to differences in
behavior aspects (diet and habitat residency) and habitat within pools. Significant changes in
seasonal consumption may be linked to changes in availability within the system or behavior and
should be further explored. In the Kanawha River, black bass consumed microplastic in lower
quantities. Between years intraspecies significant variation was minimal but interspecies
variation displayed a higher number of significant relationships. The Monongahela River and
Kanawha River displayed a high number of significantly different relationships in microplastic
consumption in the three species demonstrating that patterns of consumption can vary within
species between river systems. Exploratory modeling of microplastic consumption demonstrated
the significance of population characteristics as well as dietary information to understanding
consumption.
Comparative dietary analysis of the three black bass species in the Ohio, Kanawha and
Monongahela River determined that the three black bass species display diet characteristics of
the system, potentially influenced by the high turbidity within that environment.
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extended periods of time potentially concentrating microplastic pollution (Wickasono et
al., 2021).
Figure 3. Discharge at the Elizabeth, PA gauge station during the sampling period of spring 2020
on the Monongahela River. Flow conditions were below the 88-year average prior to
April 11th representing a potential concentration event of microplastics in the
Monongahela, like what was seen on the Tallo River (Wickasono et al., 2021). Around
April 11th flow conditions surpassed the average potentially signifying a flushing event,
specifically in late April when conditions continue to be above 30,000 cubic feet per
second.
Figure 4. Length frequency of Spring 2020 black bass by pool in the Monongahela River, WV,
binned by 50mm bins with sizes ranging from 75-600mm.
Figure 5. Length frequency of black bass between seasons binned by 50mm bins for spring and
fall in the Point Marion Pool, Monongahela River, WV.
Chapter 3 “Can microplastic consumption be explained by diet in sympatric species?”
Figure 1. Site map of the Monongahela River, WV. The Monongahela River runs north through
the urban city of Morgantown and into Pennsylvania. Sampling occurred in fall of 2019
and encompassed the Point Marion pool which runs from the Morgantown Dam to the
Point Marion Dam
Figure 2. Discharge at the Elizabeth, PA USGS station during fall 2019 sampling which indicates
flow conditions were below the 88-year average on the Monongahela River for extended
periods of time. Low flow conditions have the potential to concentrate microplastic
pollution (Wickasono et al., 2021). Oscillations in flow may have acted as flushing events
for suspended and sequestered microplastics.
Appendix
Figure 1. Frequency of black bass by length binned by 100 mm length classes. Smallmouth bass
display a higher frequency of smaller individuals with greatest frequency in the 150250mm size range. Largemouth bass and smallmouth bass display unimodal distribution
of size classes.
Figure 2. Number of black bass in each age class. Black bass were aged using otoliths using
crack and burn procedure detailed in (Brown, 2022).
Chapter 4: “Microplastic consumption in sympatric riverine black bass species in the Upper Ohio
Drainage over time and between rivers”
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Figure 1. Site map of Kanawha River sampling sites. The Kanawha River runs Northwest. The
Sampling location, Winfield Pool, is located between the Marmet Dam and the Winfield
Dam. The urban sprawl along the river is demonstrated in shades of red with the intensity
of development changing with the shade of red.
Figure 2. Discharge at the Charleston, WV gauge station during the sampling period of fall 2019
on the Kanawha River. Discharge in the Kanawha River was highly variable with
frequent oscillations and low flow events which may concentrate microplastics within the
system. From October 26th until November 9th there’s a notable increase in flow that
may have flushed plastics from the system.
Figure 3. Discharge at the Charleston, WV gauge station during the sampling period of fall 2020
on the Kanawha River demonstrates different flow regime than the previous year. Flow
was greater than the 80-year average for a considerable portion of the sampling season.
This can potentially dilute the microplastics present in the system or may signify
additional runoff of microplastic pollution into the system.
Figure 4. Sampling locations on the Monongahela and Kanawha River with the Monongahela
River on the left and Kanawha on the right. Major urban centers are located within each
and are indicated by stars. Sampling for Fall 2019 on the Monongahela River
encompassed the Point Marion pool, from the Morgantown dam northward to the Point
Marion dam. Sampling on the Kanawha River during fall 2019 occurred in the Winfield
pool which spans from the Marmet dam northward to the Winfield dam. Development is
spread out along the Kanawha River while the Point Marion pool exhibits more clustered
development toward the Morgantown Dam.
Figure 5. Watershed views of the Monongahela and Kanawha Rivers with the Kanawha on the
left and Monongahela on the right.
Figure 6. Length frequency of black bass in 50mm bins sampled in the Winfield Pool, Kanawha
River, WV during fall 2019 and fall 2020.
Appendix
Figure 1. Length frequency of black bass between seasons binned by 50mm bins for spring and
fall in the Point Marion Pool, Monongahela River, WV.
Chapter 5 “Comparative Dietary Analysis of Black Bass in the upper Ohio River drainage”
Figure 1. Sampling locations in the Point Marion Pool, Monongahela River, Hannibal Pool, Ohio
River and Winfield Pool, Kanawha River during Fall 2019. Pools are named after the
downstream dam. Major cities are noted with colored stars.
Figure 2. Percent frequency of occurrence, percent frequency by number and percent by weight
of prey items for largemouth bass (A), smallmouth bass (B), and spotted bass (C) in the
Kanawha, Monongahela, and Ohio Rivers.
Figure 3. Percent IRI calculated by multiplying the percent frequency of occurrence Fi by the
summation of percent by number, %Ni, and percent by weight, %Wi, of prey items for
Kanawha, Monongahela, and Ohio Rivers.
Figure 4. Percent frequency of occurrenceof prey fish in the Monongahela, Kanawha and Ohio
rivers for smallmouth bass, largemouth bass and spotted bass. Smallmouth bass consume
the highest diversity of fish, 5, followed by spotted and smallmouth bass. Smallmouth
bass is the only species to consume Aplodinotus, Etheostoma and Percina. Spotted bass
are the only species to consume Ictalurus. Largemouth bass only consume Centrarchidae
and Notropis. In the Monongahela River smallmouth bass and largemouth bass consumed
xiv

four different species. Spotted bass consumed only two of the species found. Smallmouth
bass consumed Etheostoma, largemouth consumed Aplodinotus and spotted bass
consumed Percina exclusively. In the Ohio River smallmouth bass again consumed a
wider array of species than the other two black bass species. Spotted bass consumed
exclusively Dorosoma cepedianum. Notropis and Aplodinotus were consumed
exclusively by smallmouth bass and largemouth bass consumed Morone exclusively.
Figure 5. Percent by number of prey fish in the Monongahela, Kanawha and Ohio rivers for
smallmouth bass, largemouth bass, and spotted bass.
Figure 6. Percent by weight of prey fish in the Monongahela, Kanawha and Ohio rivers for
smallmouth bass, largemouth bass, and spotted bass.
Figure 7. Percent by IRI of prey fish in the Monongahela, Kanawha and Ohio rivers for
smallmouth bass, largemouth bass, and spotted bass.
Figure 8. Linear regression of transformed total fish prey length and total predator length for
each black bass species in the Monongahela, Kanawha, and Ohio Rivers. Two
relationships were significant, prey length explained by smallmouth bass length in the
Monongahela River (p-value = 0.001105) and prey length explained by smallmouth bass
length in the Ohio River.
Figure 9. Linear regression of transformed total crayfish carapace length and total predator
length for each black bass species in the Monongahela, Kanawha, and Ohio Rivers. No
significant relationships were found.
Appendix
Figure 1. Total dissolved solids in the Kanawha, Monongahela, and Ohio River from June 2019December 2021 (Ohio River Valley Water Sanitation Commission, 2000). On the chart
40 NTU is indicated by a solid black line to demonstrate instances where turbidity
conditions would impact black bass feeding behavior (Shoup & Wahl, 2009; Carter et al.,
2011).
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FOREWARD
This thesis contains five chapters. The first chapter, “Integrating Fisheries Ecology into the
Emerging Issue of Microplastics in Riverine Environments” will not be published and is used to
synthesize the fields of microplastic ecology, fisheries ecology, regional and species information.
For consistency it was written in the style of “Limnology and Oceanography” journal where I
hope to publish other chapters.
Chapters 2 – 4 are written in the style of the “Limnology and Oceanography” journal where I
hope to publish this work. This work demonstrates an important contribution to our ecosystem
and fisheries understanding of microplastic consumption.
Chapter 5 is written in the style of Canadian Journal of Fisheries and Aquatic Sciences where I
hope to publish. This work fills in regional gaps in the understanding of black bass feeding
ecology.
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Chapter 1
“Integrating Fisheries Ecology into the Emerging Issue of Microplastics in Riverine
Environments”
A Large Problem with a Small Contaminant
Plastic became an integral part of everyday life in the early 1950’s with the rise of
consumption and the economic drive to produce goods (Meikle, 1995; McNeish et al., 2018).
Plastic is an all-encompassing term for synthetic polymers (Geyer, 2020). The first plastic
polymer was invented in 1907, Bakelite, and was hailed as “the substance of a thousand uses”
(Meikle, 1995). Since the 1950’s the industry has exploded exponentially increasing from 2
metric ton (Mton) when it was first sensationalized to 335 Mton in 2016 (Bauer et al., 2018).
Much of modern society would be impossible without the invention and proliferation of plastic
and some refer to it as the “skin of commerce” necessary for life in the Synthetic Age (Meikle,
1995). The rise of waste culture, overuse, and linear waste management cultivated the emerging
issue of microplastic pollution. Microplastic has been described as a “Tragedy of the Commons”
due to lack of ownership of the pollutant and its broad impact (Vince & Hardesty, 2018).
Microplastic is defined as any piece of plastic smaller than 5 mm and microplastic
pollution is ubiquitous, found in the air we breathe to the remote sectors of the world (Enyoh et
al., 2019). Microplastic pollution has been identified as a pervasive problem impacting the health
of our man-made and natural world (Rochman et al., 2015; Vendel et al., 2017; Provencher et al.,
2019; Peterson & Hubbart et al., 2020). Microplastic has been found in a wide variety of
organisms, within the digestive tract and incorporated into other organs (Peterson & Hubbart et
al., 2020). Assessing studies from March 2019 to March 2020, 60% of fish from 198 species
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from 24 countries contained microplastics (Sequeira et al., 2020). Wild fish are not the only ones
impacted. Microplastic has been found in the filets of farmed fish, with particles ranging in size
from 10 to 200 µm (Gomiero, 2020). The impact of microplastics is not fully agreed upon and
the problem is made more complex by the wide variety of chemicals encompassed by the term.
The term microplastic encompasses a wide swath of unique polymers with additives such as
coupling agents, plasticizers, colorants, stabilizers, lubricants, and flame-retardants representing
a wide variety of sizes from millimeters to nano sized pieces (Jovanoic, 2017; Rochman et al.,
2019). Rochman et al. (2019) said it best “Microplastics are not microplastics are not
microplastics, just like pesticides are not pesticides are not pesticides” and as a result requires in
depth analysis to fully grasp their presence and impact.
All three size classes, macro, nano and pico, have been found in aquatic environments
and have been recorded in organisms from zooplankton to fish (Petersen & Hubbart, 2020).
Microplastics are characterized by their origin. There are two recognized categories of
microplastics: primary and secondary (Rochman et al., 2019). Primary plastics are those that
have been manufactured to be smaller than 5mm for use in industrial processes (Vendel et al.,
2017; Petersen & Hubbart, 2020). These include “scrubbers”, small plastic beads that have been
included in things such as personal care products that have now been banned in the United States
(Vendel et al., 2017). Secondary microplastics are pieces of plastic broken off from plastic
products. Microplastics are further described by their size, shape, color, and chemical
composition which can help determine sources of microplastic in the environment (Eo et al.,
2019; Wickasono et al., 2021).
The chemical composition of microplastic is important because it determines its toxicity
and rate of degradation (Smith et al., 2018; Rochman et al., 2019). Common chemical
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compositions of microplastic include polypropylene, low-density polyethylene, high-density
polyethylene, polyvinyl chloride, polyurethane, polyethylene terephthalate (polyester), and
polystyrene (Rochman et al., 2019). Chemically there are two types of plastics: thermoplastics
and thermosets (Rochman et al., 2019). Thermoplastics melt when heated and harden when
cooled, while thermosets undergo a chemical change when heated that is irreversible (Rochman
et al., 2019; Geyer, 2020). Thermosets pose issues for recycling and encompass household
substances such as polyester, silicone, epoxy, and acrylic resins (Geyer, 2020). Plastic is
typically not pure; it contains additives that alter the properties of the polymer for the finished
product (Geyer, 2020). The combined chemical properties of the polymer and its additives
impact leaching of chemicals and their interactions with the environment. Plastic breaks down
into ever increasingly smaller fragments through chemical and photodegradation and physical
abrasion (Norland et al., 2020). These processes can occur through the normal use of the product
such as the loss of fibers from clothing or after the product has been disposed of through
interactions with the environment. Microplastic shape and size are very important characteristics
that determine particle fate in the environment.
Sources into the Aquatic Environment
Like other aquatic pollutants, microplastic pollution comes from point source and
nonpoint sources. Point source pollution sources include things such as industrial plants,
cracking plants, and wastewater treatment plants (WWTP). Early microplastic studies focused
heavily on point source pollution from wastewater treatment plants, which have been identified
as sources of fibers into waterbodies (McNeish et al., 2018). The number of fibers released from
an item of clothing is staggering. Approximately 700,000 microfibers are released from 6 kg
wash of acrylic fabric under general household washing conditions and 1,900 fibers could be

3

shed per wash of a garment with amounts varying due to the polymer type and fabric make
(woven vs knitted) (Xu et al., 2020). WWTP’s can be anywhere from 70-100% efficient at
removing pollutants generally. However, wastewater treatment plants suffer lower rates of
removal when examining particles <300μm (Estahbanati & Fahrenfeld, 2016). Microplastics
smaller than <300μm have longer resident times in the body and at smaller size fractions
translocate into other tissues (Kim, 2020; Sales-Ribeiro et al., 2020; Roch et al., 2021). In
Raritan River, NJ, microplastic concentrations between the sizes of 125–250μm and 250–500μm
increased downstream of the WWTP demonstrating lower efficiency at smaller sizes
(Estahbanati & Fahrenfeld, 2016). WWTP are a point source of secondary microplastics while
cracking plants release large amounts of primary plastics. Cracking plants are industrial plants
that produce plastic pellets from petroleum by-products that are used to produce plastic products
made in other industrial plants (Bruggers, 2020; Geyer, 2020). The pellets and nurdles produced
at cracker plants leak into local water sources or can be spilled in the transport process. On the
Ohio River in Beaver County, Pennsylvania, Shell Appalachia is currently building a cracker
plant that is projected to produce 1.6 million MTon of plastic pellets annually (Bruggers, 2020).
Although these are larger institutions, it cannot be ignored that every person that tosses a plastic
cup into a water body while boating or swims in a nylon swimsuit is a point source as well and
this initial piece has the potential to break into 1000s of ever increasingly smaller pieces. The
wide variety of point sources makes understanding particle dynamics more complex.
Non-point source pollution sources are less understood and include almost every land use
type transported using every major environmental transport mechanism including atmospheric
deposition and stormwater runoff (McNeish et al., 2018; Heerey et al., 2020). Animal transport
of microplastics also occurs, within and between both aquatic and terrestrial systems. Of the land
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use types, more urbanized watersheds have been linked as a key contributor to nonpoint source
microplastic pollution (Carvalho et al., 2021). Sources of microplastic include rubber from tires,
artificial turf, and road paints (Xu et al., 2020). Carvalho et al. (2021) found spatial variation of
microplastic counts correlated with urbanization in the Garonne River catchment, France for
microplastic particles ranging 700μm – 5 mm. Landfills, littering, and construction are also
major sources of microplastic nonpoint source pollution (Xu et al., 2020). More surprising, land
use contributors include agricultural fields where biosolids, sewage sludge produced during the
wastewater treatment process used for soil conditioning on agricultural lands contain
microplastics. Microplastics within the biosolids are transported off agricultural fields through
runoff or enter the groundwater through infiltration. Agricultural plastic films in the form of
mulching films and greenhouse builds are another source of microplastic to the environment (Xu
et al., 2020).
Rivers of Microplastic
Rivers act as transport systems transferring 10% of plastic produced annually to the
ocean (Vannela et al., 2012; McNeish et al., 2018). Due to their importance in transporting
plastics, rivers have been deemed the highways for plastic pollution. Roughly 80% of ocean
plastic stems from terrestrial sources and the annual flow of plastic into the ocean is projected to
triple by 2040, to 29 million metric tons per year (, Smith et al., 2018; SYSTEMIQ, P. C. T.,
2020). Despite their importance, riverine environments remain highly understudied despite the
rapid growth in the study of microplastic ecology (McNeish et al., 2018; O’Connor et al., 2020).
Riverine environments are important because of their intrinsic terrestrial connection (McNeish et
al., 2018). Riverine environments remain cryptic, but it is known that they are not just transport
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systems; they exhibit microplastic retention and unique movement characteristics (Panno et al.,
2019).
Conceptual diagrams have been created to conceptualize microplastic cycling in the
freshwater environment, but quantification of contribution of sources and fluxes between
reservoirs remains a critical research need (McNeish et al., 2018). Although we understand
where microplastics are, we lack an understanding of their fluxes between different
environments. The high number of contributors and seasonal flux have the potential to create
significant variability that currently is not understood. Microplastic has the potential to move
through groundwater further complicating understanding. The potential for microplastics to
infiltrate is dependent on geology (Heerey et al., 2020). Karst geology is particularly vulnerable
to microplastic contamination due to its porosity and the presence of microplastics in the
groundwater of karst geology has been observed (Panno et al., 2019). In addition to the
ecological implications of microplastic in ground water, contamination in karst geology is
significant because it provides 40 – 50% of the world’s drinking water (Brinkmann & Parise,
2012). In discrete instances microplastic composition in the stream has been related to point
source land use but our understanding of how microplastic composition relates to non-point
sources is very limited (Carvalho et al., 2021). Overall, there is an incomplete understanding of
how land use, river characteristics and microplastic composition (size, shape, color, chemical
composition) interact to determine the plastic particle suite in aquatic environments (McNeish et
al., 2018).
Rivers display characteristics such as retention, longitudinal variation, seasonal and
interannual variation of microplastic pollution that relate to the hydrology of the system making
them more than just straight highways for plastic particulates. For example, total microplastic
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counts are higher as one moves away from the headwaters of the river towards the mouth,
varying like many other stream characteristics (Wickasono et al., 2021). In the stream,
microplastic acts like sediment and organic matter, depositing, suspending, and distributing
throughout the water column to some degree. The amount of depositional area as well as the rate
of deposition is dependent on the characteristics of the microplastic in question. Comparisons
could be made between different plastic particulate types and the settling of silt compared to
sand in the water column. Sediment models have been used to understand rivers as both sources
and retention basins of microplastics with mixed success and debate (Hoellein et al., 2019).
Three factors play a role in microplastic depositional processes: density, particle shape,
and biofilm colonization (Hoellein et al., 2019). For example, polystyrene fragments have the
shortest transport fate due to their complex variable shape and greater density than other particles
(Hoellein et al., 2019). Microplastic particles can be found stratified in the water column when
they are less dense than the waterbody, impacting their transport which can occur due to shape
and size (Eo et al., 2019). Vertical placement in the water column is important because it may
impact bioavailability for ingestion as well as movement potential. Microplastics accumulate
horizontally as well. Horizontal distribution of microplastics within the river changes over time.
A zone of accumulation across the river’s width expands and contracts seasonally with changes
in hydrology (van Emmerik et al., 2019). Anthropogenic alterations also impact the system’s
microplastic movement and retention.
Dams prevent the untampered flow regime and slow down water velocity allowing both
sediment and microplastic particles to settle out of the water column. Regulated hydrodynamic
conditions have been found to be an important regulator of microplastic accumulation (Zhang et
al., 2017; Watkins et al., 2019). Microplastic accumulation also differs upstream and
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downstream of dams (Watkins et al., 2019). Due to their small volume in relation to the ocean,
rivers are the point where remediation and prevention is most likely to protect ecological
functioning (McNeish et al., 2018).
Seasonality of microplastic dynamics is another relatively unexplored dimension. It is
theorized that retention and movement of microplastics has a seasonal component that may be
related to overall ecosystem characteristics as well as the characteristics of the microplastics in
that system (van Emmerik et al., 2019). For example, in eastern Indonesia the dry season resulted
in higher accumulation of microplastics in the Tallo River, Makassar (Wickasono et al., 2021).
Similar results were found by Carvalho et al. (2021) where they found that deposited
microplastic sizes varied with hydrological conditions. Punctuated reanimation events as well as
large influxes of microplastics into the river from the surrounding area occurred due to storms
and flooding. Additionally, rivers have been found to release microplastic from the benthos
during flooding and rainfall events (Cheung et al., 2019;Hoellein et al., 2019). Seasonal high
flow events potentially act as a flushing mechanism removing plastic from the system.
Understanding microplastics dynamics helps to assess bioavailability and an organisms’ potential
consumption risk.
Consumption of microplastics occurs either directly or indirectly (Provencher et al.,
2019). Direct consumption occurs when a prey item targets a microplastic particle due to
biocontamination or misidentification (Provencher et al., 2019; Pradit, 2021). Misidentification is
when fish consume a piece of microplastic that has similar color or size as prey items (Pradit,
2021). Biocontamination, also called biofouling, occurs when organic matter and
microorganisms build up on plastic particles, altering the appearance and chemical properties.
Biofouling makes microplastic particles more likely to be misidentified (Kasier et al., 2017).
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Indirect consumption occurs through trophic transfer or when microplastic is ingested passively
(Provencher et al., 2019). Passive uptake can occur through indiscriminate feeding, water uptake
or in larval fish, through the skin (Roch et al., 2020; Yang et al. 2020; Bowen et al., 2021).
Freshwater trophic transfer research is limited and sometimes contradictory, but evidence
exists in marine systems (Provencher et al., 2019). Much of the focus on microplastics and
feeding ecology of fishes has been focused on feeding guilds and the differences between
planktivorous and piscivorous fishes. An estuarine study in Paraiba and Mamanguape River,
Brazil as well as Xingu River in the Amazon found that microplastic was common irrespective
of the feeding guild (Vendel et al., 2017; Andrade et al., 2019). However, a study conducted on
the tributaries of Lake Michigan found that zoobenthivores specifically round goby, Neogobius
melanostomus, contained significantly higher plastic counts than others (McNeish et al., 2018).
Zheng et al. (2018) found differences between redbelly tilapia (Coptodon zillii), barbel chubs
(Squaliobarbus curriculus) and common carp (Cyprinus carpio), from which they theorized
omnivores and bottom‐dwellers were more likely to ingest plastic debris. Feeding ecology
linkages to microplastics have been generally inconclusive.
The seemingly contradictory mixture of results has been noted as a lack of evidence for
trophic transfer and lack of connection between feeding guild and microplastics accumulation.
The focus on feeding guilds in microplastic research is an attempt to pinpoint trophic transfer.
Differences in seemingly similar feeding guilds may not be mediated by the feeding guild but the
system’s abiotic qualities that may impact bioavailability such as differences in the particle
concentration, the collision frequency (encounter rate) and energy within the river system
(Gouin, 2020). Although there is discussion of feeding guilds and identifying their potential for
ingesting microplastics, the current literature ignores that within feeding guilds, fish display a
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wide variety of unique feeding morphologies which can also impact consumption risk. For
example, scrapers and benthivores may be more vulnerable to denser plastics settling along the
river bottom despite not being in the same feeding guild. Additionally, if trophic transfer is
occurring, it may not rely on the feeding guild of the predator but that of the prey. For example,
filter feeders such as gizzard shad, Dorosoma cepedianum, may accumulate more fibers, while a
northern hogsucker, Hypentelium nigricans, accumulate more fragments. The number of fibers a
predator of both may contain will depend on diet composition and retention time within the
digestive tract. Furthermore, if a river has a year with significant runoff adding dense
microplastic particulates that settle out and are consumed by sucker in higher quantities, this may
alter the composition even if the diet is composed of primarily gizzard shad. This further
emphasizes the need for prolonged monitoring. The aforementioned studies also differ in their
methodologies, making comparisons difficult. Additionally, differences in reporting and lack of
reporting of shape and size of microplastics could confound results (Gouin, 2020). Overall,
feeding guilds may be too coarse of a characteristic to model consumption of microplastic.
What has not been discussed in the literature is quantifying a vulnerability and risk factor
for fish for their potential consumption of microplastics. Vulnerability could be quantified from
encounter rates from the gustatory mechanisms, habitat residency and feeding behavior of the
fish. Some fish may be inherently more vulnerable. It has been noted that planktivorous
organisms are thought to be more susceptible to physical interference through interference with
feeding apparatuses (Grigorakis & Drouillard, 2018). Risk includes environmental abiotic
accumulation and long-term dietary habits. The study of microplastic consumption in fish suffers
two other significant limitations. Firstly, there is often no age or length data included in the
quantification studies (Zheng et al., 2020). By not having age or length data, studies ignore the
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potential for ontogenetic shifts in diet impacting the uptake. Additionally, there has been
minimal focus on tracing the consumption of microplastics from the base of the food web to the
top. Understanding trophic transfer of microplastics is plagued by issues of scale, species
characteristics and an overall lack of understanding of diet in the fish and systems assessed.
Fisheries, Trophodynamics and Dietary Interactions
Species interactions, abundance and characteristics of the species assemblage and their
dynamics over time determine the structure and complexity of the aquatic community (Connell,
1980). In freshwater communities, the strongest structuring interactive forces tend to be negative
(predation, competition, and parasitism) (Connell, 1980). These interactions form the basis of the
food web, a traceable abstraction of a system’s energetic complexity based on consumption
(Berlow et al., 2004).
Food webs are constructed to trace consumptive patterns. Consumed organisms are prey.
Though a simple concept, the interaction between predator and prey is much more intricate.
Predators are constrained by their morphological characteristics, as well as their lived
experience, environment, and energy reserves (Donaldson, 1995; Domenici et al., 2007). A
predator must recognize an item as prey, be in a position, or get into a position to predate, and
then successfully strike and handle the organism. At any one of these steps, the predator can fail.
The success of this sequence of events will also be influenced by environmental characteristics,
such as cover, flow, and turbidity as well as the morphology and behavior of the prey
(Donaldson, 1995; Sweka & Hartman 2001). This set of circumstances, the related success rates
of predation and species diversity in a system constrains the diet of a predator. Stronger or
weaker relationships between prey quantity and quality shape trophic relationships and impact
the condition of the individual.
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Prey quantity and quality strongly influence the individual’s condition and the overall
trophodynamics of a system. Poor quality or quantity can result in an increase in competition,
shifts in trophic interactions/strategies or altered habitat occupancy. The change in system can
result in reduced or increased condition. Prey quantity can be simply described as the supply of
prey items in the foraging area at the time of a foraging event. Prey quantity is not linked to pure
abundance. Quantity can instead be more fine-tuned as shown by the findings in Michaletz
(1997) where temporal changes in abundance of gizzard shad did not impact diet, the diet
overlap or growth of predators so much as the abundance of age-0 gizzard shad of the correct
size.
A large quantity of the prey species may be present, but not at the correct period. When
this offset occurs, it is deemed the mis-match hypothesis and is typically applied to larval fish
(Kain, 1992). However, it should be noted that in the case of the Muchaletz (1997) study, large
amounts of larval gizzard shad were present, but predation did not begin until they reached
25mm, suggesting that ontogeny of predators may play a role. Gizzard shad also grow quickly,
and it is found that although they may exist at high numbers in a system, they have outgrown the
predation pressure (Muchaletz, 1997). The relationship between exploitable prey size and
predator size highlights that the relationship between predator and exploitable prey abundance,
not overall abundance, is important for determining trophodynamic relationships. As the
abundance of exploitable prey increases, so does a prey’s importance in the diet. Most
piscivorous fish exploit more than one prey species, balancing availability, and energy
expenditure. The variety of exploitable prey may ontogenetically change due to changes in gape,
predation risk, foraging efficiency, food availability and prey size (Graeb et al., 2006).
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The prey quality is equally as important as prey quantity to trophodynamics. Prey quality
is the energy density and digestibility of the prey (Beauchamp et al., 2007). Prey quality will
change with the taxa targeted and the condition of the prey item. For example, a consumed
crayfish has more indigestible parts than a darter, so the two are not of the same quality.
Additionally, a small darter in poor condition will not be of the same quality as a gravid larger
darter. The prey quality impacts the net energy intake of the predator, impacting both condition
and growth (Beauchamp et al., 2007). It should be noted that theoretically prey items of poorer
quality may result in better conditioned fish if the poorer quality item is present in higher
abundances or is less energetically costly to catch.
Condition indexes have been used to monitor past and future ecological success
(Copeland et al., 2008). Condition was defined by Love (1970) as the gross nutritional state.
Condition is constituted by the level of nutrient reserves. In a non-breeding fish, nutrient reserves
equate to fat and in a breeding fish, the sum of fat reserves and gonadal material (Brown &
Murphy, 1991). It is a result of the feeding rate, food quality, environmental conditions, and
stress (Beauchamp et al., 2007). Measurements of fish condition have become an important
indicator of stock wellbeing and health. If the stock as a unit or portions of the stock deviate
negatively from the expected weight at length, it could be an indicator of unfavorable
environmental conditions or competition. This could bottleneck the population if occurring at a
specific age/length or limit population growth if demonstrated for the entire stock (Blackwell et
al., 2000).
Relative weight is a condition index that provides a comparative measure of fish wellbeing that is simple to use, does not change with different measurement units and compensates
for differences in body form (Brown & Murphy, 1991; Copeland et al., 2008). It is one of the
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few condition indexes where values can be easily compared between fish of different lengths and
from different populations (Blackwell et al., 2000). Condition of the fish forms a feedback loop.
The better the condition of the fish, the higher its chances are for competing successfully,
sustaining growth, and coping with environmental stress. The more successfully it competes, the
better sustained condition of the fish. The feedback loop generates variability over time as well
as space (Copeland et al., 2008). Fish differ in their somatic allocation to nutritional reserves
depending on the individual experience as well as more measurable variables such as sex
(Copeland et al., 2008). Fish also balance the need to maintain condition and growth. Increased
body size is linked to survival and survival increases generally with body size (Beauchamp et al.,
2007). Ultimately the quantity and quality of exploitable prey will impact the interactions within
and between species. Elucidating relationships between condition, prey and diet can aid in a
manager’s ecosystem understanding and construction of trophic linkages. An understanding of
diet items, predator condition and microplastic consumption has not been conducted in
freshwater systems.
A successful fishery is typically defined as one where prey populations can sustain top
predators (Wuellner et al., 2010). There is a growing acknowledgement in the management
community that managing species independently is a model that ignores the intrinsic
relationships between species within an ecosystem and counters the definition of a successful
fishery. A better understanding of food web connections and predator-prey relationships is
essential for effective management because food-web complexity impacts the stability of the
system (Muchaletz 1997; Petchey et al., 2001). Management focus has been shifting to
ecosystem-based management. This shift has increased the importance of diet composition data
which can elucidate the trophic relationships between various parts of a system to better inform
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management (Brown & Murphy, 1991). For example, simple predator-prey ecosystems can be
unstable because of a tight relationship between prey quantity and predator abundance (Petchey
et al., 2001; Raborn et al., 2004). More stability is demonstrated in ecosystems where predators
have the potential to switch between prey items during unfavorable years (Petchey et al., 2001;
Raborn et al., 2004). Diet composition data must be detailed and encompass a time scale at
which patterns in usage can be determined and trophic linkages can be understood in conjunction
with environmental factors. When predators in a system decline or demonstrate reduced growth
or condition, this is often associated with changes in the prey quantity or quality or competition
with another predator.
Competition for food resources influences fish communities and populations, further
limiting resource allocation (Raborn et al., 2004). For species to be considered “competing”,
species must overlap in their use of resources and the resource must be limited (Raborn et al.,
2004). Pianka (1981) defined competition as the proportion of overlap between fundamental
trophic niches. A niche is commonly thought of as the range of resources used by a species
(Vazquez & Stevens, 2004). The formal definition of a fundamental niche is envisioned as an ndimensional hypervolume where a species may survive that includes geographic diversity,
resource use and a wide variety of other interactions (Gray & Lowery, 1996; Choi et al., 2020).
A niche is made up of many axes such as food resources and spawning habitat and due to
coevolution, many competitors can coexist (Connell, 1980). To simplify this abstraction, they are
typically broken into scenopoetic, habitat, and bionomic, trophic, axes (Choi et al., 2020).
Species tend to only exploit portions of the fundamental niche defined as their realized niche
(Gray & Lowery, 1996). Competition within and between species using the same resources sets
the bounds for the realized niche (Gray & Lowery, 1996). The realized niche breadth
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encompasses the resources used, measured by the number of resource types, and weighted with
the frequency of use and fitness effects (Vazquez & Stevens, 2004). This forms the basis of the
competitive exclusion principle that states due to competition, two similar species scarcely ever
occupy a similar niche (Gray & Lowery, 1996). This principle emphasizes the partitioning of
resources along some dimension of the niche axis, where the strongest competitor falls to one
side of the imaginary line (Gray & Lowery, 1996). Inherently the species’ coexisting relationship
and potential for niche specialization is constrained by the community that they exist in and the
abiotic space. If species coexist within the same habitat in direct competition for space and
resources, the potential for niche differentiation is limited (Connell, 1980). There must be space,
abundance, or excess for the two to differentiate. Conversely if species exploit resources
differently or occupy different habitats within the same ecosystem, the potential for niche
specialization increases (Connell, 1980).
Contemporarily we understand that these traditional conceptions of niche and resource
partitioning are flawed, but useful. The aforementioned concepts neglect the feedback
mechanisms of ecology, that the organism impacts the resource and this impact in turn affects the
organism (McInerny & Etienne, 2012). Through species characteristics, “space” can be made for
coexistence. Additionally, niche limitation, that the environment will limit the number of species
that can establish and use resources in an area, changes with scope and through evolutionary and
invasive ecology we have found that the dynamics are more complex (Wilson et al., 1987).
Niches can be constructed, vacant, colonized, shifted, or diverged depending on the interaction in
question, time scale and scope (McInerny & Etienne, 2012). Traditional niche definitions do not
incorporate aspects of landscape ecology and McInerny & Etienne (2012) argued that the
“chicken or the egg” argument arises with fundamental vs realized niches. Niche theory also
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roots itself deeply in species concept, ignoring Allee effects, individual variation, intraguild
predation and trophomorphs (Polis & Holt, 1992; McInerny & Etienne, 2012). The limitations of
these traditional definitions must be kept in mind as well as the contemporary understanding
when analyzing species niche and species niche width dynamics.
A species niche and niche breadth are not a static characteristic. It fluidly changes as the
abundance of the species and prey it consumes changes. Under the “expanding population
hypothesis”, when populations expand, the niche breadth can expand, and a species will begin to
use a wider variety of resources (Long & Fisher, 2000). Niche breadth expansion can also
increase competition between species. Fundamental niche relationships are important for
understanding the potential for species to compete with one another for resources over time as
they dynamically shift (Long & Fisher, 2000). The competitive edge and balance are constantly
shifting along that axis of the fundamental niche hypervolume. For interspecific competition to
be demonstrated, there must be evidence of limited available resources, increased consumer
demand, and niche overlap (Raborn et al., 2004). Demonstrating interspecific competition is
complicated because it is impacted by annual fluctuations. Evidence of competition in a single
year does not mean the predators are consistently competing and it may not represent the full
scope of competition between the two species. For competition to be well understood, long term
monitoring is required. Species may also be competing seasonally, not on a yearly basis.
Seasonal competition is caused by a resource bottleneck during a season that exerts a stronger
impact on the trophodynamics (Raborn et al., 2004). Generally, as environmental variability
decreases within a system, niche overlap increases, increasing competition and in the most
severe cases extirpation of the weaker competitor (Pianka, 1981). Due to the complexities of
measuring this phenomenon, although important for ecosystem management, most evidence is
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indirect and reduced to correlations between prey and predators and diet analysis (Raborn et al.,
2004).
There are several ways to quantitatively describe and compare the consumption patterns
of fish and debate on the proper use and most accurate method is ongoing (Pope et al., 2001).
Frequency of occurrence, percent composition by number and percent composition by weight are
three traditional approaches (Pope et al., 2000; Chipps & Garvey, 2007). Percent composition by
weight is the more commonly used index. Percent composition by weight is useful because it is
comparable among prey items of differing sizes and is proportional to food value (Chipps &
Garvey, 2007; Zale et al., 2012). Wallace (1981) believed this was the most useful measurement
because a mean and variation could be derived, and the mean would not over-emphasize the
stomach contents of a few. Percent composition of each prey by weight is calculated for each
individual fish, and individual fish are the sampling unit assumed to represent a random sample
(Zale et al., 2012). This is averaged for each prey type (Chipps & Garvey, 2007). Percent
composition by weight can emphasize the contribution of larger heavier prey items (Chipps &
Garvey, 2007). Percent composition by number is derived by dividing the total number of items
of each prey category in the stomach contents of an individual fish by the total number of all
prey found within the fish. Percent composition by number tends to be biased towards small
abundant prey and is less useful for understanding relative contribution to a predator’s diet. It is
used in forming estimates of prey biomass or quantifying prey selectivity (Zale et al., 2012). Prey
selectivity is important because it compares the abundance of prey in the environment to their
frequency in the diet (Chipps & Garvey, 2007). Frequency of occurrence is the simplest method
where presence and absence of each prey type is recorded and the proportion of total number of
fish examined containing a particular prey item is calculated (Zale et al., 2012).
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Other diet indexes include mean stomach fullness, index of relative importance and prey
importance index. Mean stomach fullness is the ratio of observed prey volume to estimated
stomach capacity where the prey volume is estimated using geometric estimates and regressed
against fish size to estimate maximum stomach volume (Chipps & Garvey 2007). The ratio of
observed prey volume to maximum stomach volume gives an index of fullness that accounts for
fish length. Prey importance index is a quantitative measure of the nutritional benefit of
individual prey using prey assimilation efficiencies to account for energy assimilated by the fish.
The relative importance index combines previously mentioned metrics, percentage of
occurrence, percentage of total number and the percentage of total volume, into a single
percentage that is used to understand dietary overlap between species (Wallace, 1981). The
percent of Index of Relative Importance is sensitive to prey taxonomic resolution with
importance decreasing as the taxonomic resolution increases (Hansson, 1998).
Caution should be taken when choosing an index since the resulting overlap value is
influenced by the diet measure used (Wallace, 1981). Dietary overlap results can also be biased
by sample size, number of prey categories, and resource evenness (Zale et al. 2012). Diet
measures have been criticized for placing improper weight on select food items. As previously
mentioned, percentage of occurrence and the percentage of total number are heavily influenced
by small prey items so although important for characterizing diet, they offer little information
about overlap (Wallace, 1981). Volumetric measures, the percentage of total volume, can
overestimate the importance of rare but large items (Wallace, 1981).
Studies assessing dietary overlap should be cautious in their interpretation of competition.
Competition occurs during dietary overlap when species or individuals of a species are
exploiting the same prey base at a rate where the successful predation event of one species
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impacts the overall fitness of another species. The presence of overlap does not equate to
competition. If predators are sharing an abundant resource, minimal competition may be
occurring (Long and Fisher, 2000; Raborn et al., 2004). The “super abundant resource
hypothesis” states that exploitative competition is minimized when resource levels are high.
Dietary overlap may occur without exploitative competition due to the abundance of resources
(Long and Fisher, 2000). Conversely, lack of dietary overlap does not equate to lack of
competition. Potentially historic competition has caused alterations in prey selection with legacy
effects. These now divergent diets are the results of “the ghost of competitions past” (Connell,
1980; Raborn et al., 2004). Dietary overlap is frequently examined as dietary overlap between
species but can occur within a species as well. Dietary overlap and its connections to prey
quantity become less clear as trophodynamics become more complex and additional factors such
as food preference, habitat usage, and morphological aspects are taken into consideration
(Muchaletz 1997).
The dynamic constraints and interactions between species form the food web.
Interactions in a food web are generally described as strong or weak. The patterning of these
interactions combined with strength determine the type of food web and energy fluxes through
the ecosystem (Berlow et al., 2004). These classifications have led to confusion due to the lack
of quantification of strong vs. weak interactions and an incomplete understanding of the
importance of interactions (Berlow et al., 2004). In general, weak interactions are thought to
prevail in unimpacted communities (Berlow et al., 2004). Populations become more stable
through prey reliability, biomass, or composition mechanisms (Petchey, 2001; Berlow et al.,
2004). Prey reliability is having a large enough prey base so that when one species becomes rare,
predators can shift to another. Variability in the predator’s population is minimized if all prey
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does not become rare at the same time (Petchey, 2001). This is a series of weak predatory
interactions that allow the predator to shift. Predators that adhere to this model limit their
competition, because in theory when competitive pressure becomes significant, they can switch
to a different more abundant prey item limiting dietary overlap. The inverse of this relationship
would be a heavy reliance on one prey type. By relying heavily on one prey type if the prey
becomes rare or competition increases for that prey item, the species must compete with
potentially detrimental impacts on the population. This would be a strong predator prey scenario
best exemplified by keystone species (Berlow et al., 2004). Increased prey biomass has the
potential to reduce competition between predators as seen in Wuellner et al. (2010) where the
wider prey base exploited by smallmouth bass, Micropterus dolomieu, lessened the impact of the
introduction on walleye, Sander vitreus. Prey biomass mechanisms are more forage fish focused
and suggest that by having a more diverse forage fish community, forage fish biomass increases
due to facultative interactions or more complete use of ecosystem resources (Petchey, 2001).
Prey composition mechanisms occur due to nutritional requirements; the predator is unable to
acquire all the nutrients from one prey source (Petchey, 2001). Unlike the first mechanism, all
prey is required for the predator’s survival, resulting in several strong interactions from the
perspective of the predator, but weak impact on the forage fish.
The above dynamics introduce variability at the individual, species and community level
that is not often recognized in microplastic literature even though ingestion of microplastics has
been demonstrated from algae to top predators (Provencher et al., 2019; Pan et al., 2021).
Understanding microplastic consumption is important from a systems perspective because of
studies in marine systems demonstrating that microplastics have the potential to alter ecological
functioning through then impacts. Microplastics have been found within aquatic vegetation and
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algae. Algae demonstrate altered growth behavior such as overexpression of genes involved in
the biosynthesis of galactose and xylose, two sugars associated with cell growth (Lagarde et al.,
2016; Mao et al., 2018). More research is needed to determine if this overexpression can
contribute to algal blooms. Controlled experiments have demonstrated that zooplankton also
consume microplastic and display reduced growth as a result (Cole et al., 2013). Reduced growth
of zooplankton can have rippling effects up the food web since size is linked to fecundity in
many zooplankton species. Caddis flies have also been found to incorporate microplastic in their
casings which cause them to be less stable and are theorized to increase caddis fly mortality
(Ehlers et al., 2020). Impacts on lower trophic levels may have bottom-up effects, but more
research is needed. It also raises questions about how the size and type of microplastic found has
an impact on ecosystem functioning. In the future this may be something like turbidity,
conductivity, temperature, and heavy metals that freshwater ecologists should be monitoring for
regularly.
Transcending reporting total microplastic quantities consumed and looking at it in
conjunction with fisheries management metrics under a diet ecology lens would allow for an
understanding of microplastic ecology in a framework that is known to fisheries managers. To
progress the science, this framework must be used to move past broad generalizations of the
problem to refined delineations of impacted portions of the population and sources of the impact.
Identifying the mechanisms and populations most at risk can direct future research in the wake of
an exponentially growing issue. This framework requires a comprehensive understanding of the
aquatic community and food web dynamics.
Negative Impacts of Microplastic Consumption

22

Looking at the individual level, ingestion of microplastic has direct negative effects on
the consumer through the physical presence of the microplastic and potential hitchhiking
contaminants. Microplastics fibers have the potential to choke organisms and block filter feeding
mechanisms (Grigorakis & Droulliard, 2018). Microplastics are indigestible material that if
sizeable within the stomach they can form a false sense of satiation. Additionally, particles can
cause blockages or distention in the intestines (Grigorakis & Droulliard, 2018; McNeish et al.,
2018; Norland et al., 2020). In experimental feeding studies where juvenile fish were fed
Poly(styrene-co-divinylbenzene), intestinal lesions formed (Ahrendt et al., 2020). Our current
understanding of microplastic movement through the intestinal tract is limited, though movement
is most likely influenced by size, particle type and digestion tract morphology. Studies into
digestive tract morphology, the movement of microplastic and potential for accumulation are still
lacking, specifically the impact of pyloric caeca on the accumulation of smaller microplastics. It
was found that microplastics in round goby took 72 hours to move through the digestive tract
(Hou, 2019). Retention and damage to the digestive tract could lead to lower energy assimilation
impacting the energy allocation and growth of the organism (Grigorakis & Droulliard, 2018). In
crayfish exposed to waterborne polystyrene particles, the lipid content, and free fatty acids in the
hepatopancreas and hemolymph decreased and fatty acid utilization ability of hepatopancreas
cells was inhibited indicating decreased lipid synthesis (Chen et al., 2020). Microplastics smaller
than 150μm have the potential to cross the intestinal barrier and enter the blood and accumulate
in other tissues around the body (Rochman et al., 2014).
Chemicals used during the manufacturing process of plastic to alter the behavior or color
can be highly toxic and leech into the digestive tract when consumed (Engler, 2012; Rochman et
al., 2014). For example, styrene, a monomer of several common plastic types such as
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polystyrene, has been found to disrupt the endocrine system. The endocrine system is
fundamental to an organism’s reproductive and immune system functional capacity (Rochman et
al., 2014). Polystyrene, a form of styrene, has also been linked to alterations in behavior and
weight loss (Besseling et al., 2012; Smith et al., 2018). Fish have been deemed “sensitive
indicators” in lab studies of endocrine disrupting chemicals because exposure causes changes in
gonadal growth, gonadal degeneration, sex-specific gene protein induction and the occurrence of
intersex (Rochman et al., 2014). These ties have not been extended into the real-world landscape
and population impacts remain largely understudied (Rochman et al., 2014). In Rochman et al.
(2014) in a 2-month exposure experimental study, they found that both male and female young
fish displayed signs of endocrine disruption. The impact at such a young stage in development
suggests that studies should be looking at age data in conjunction with exposure, however that
appears to be a significant gap in the literature. Fish consumption patterns shift with size as well
and if direct consumption is the main pathway of uptake, an understanding of both diet and size
is needed to better elucidate vulnerability and risk of disruption. Genetic testing has proved to be
more indicative of endocrine disruption since female tissue has demonstrated little phenotypic
variation with significant changes in gene regulation (Rochman et al., 2014).
Microplastics are an ecotoxicological concern because they are a stress multiplier. They
introduce a cocktail of hitchhiking pollutants into the fish on top of their own detrimental effects
(Rochman et al., 2014). Microplastics are hydrophobic allowing them to accumulate other
hydrophobic chemicals. In Rochman et al. (2013a), they found that microplastic is associated
with >78% of priority pollutants. The absorbed hydrophobic compounds include pollutants such
as persistent organic pollutants, organochlorine pesticides, polybrominated diphenyl ethers,
PCBs, PAHs, heavy metals, pharmaceuticals and petroleum hydrocarbons (Rochman 2014;
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Grigorakis et al., 2018; McNeish et al., 2018). Once ingested, the chemicals can then desorb in
the digestive tract and be absorbed by the animal’s tissues (McNeish et al., 2018). The dynamics
of chemical sorption and release into the body are pollutant dependent and body composition
dependent. Additionally, the characteristics of the particles such as particle size and type of the
plastic polymer impact the chemical sorption and release into the body (Norland et al., 2020).
For example, the absorption of pollutants onto microplastic, specifically heavy metals, appears to
have a time, space and environmental matrix component to their absorption and release. In
Rochman et al. (2014), it was found that plastic accumulated more heavy metals the longer the
pieces were at sea and that rates were similar across plastic types (polyethylene terephthalate,
high-density polyethylene, polyvinyl chloride, low-density polyethylene, and polypropylene).
Plastic surface area has been positively correlated with the accumulation of Cr, Cu, and Ni (Liu
et al., 2021). The contaminants and microplastic particles may then accumulate due to trophic
transfer (McNeish et al., 2018). In feeding studies with virgin polyethylene plastic dosed with
chemical pollutants sorbed from the marine environment, Rochman et al. (2013) found that fish
suffered liver toxicity. Tube feeding conducted on fish larvae found little transfer of PCB-153 to
the organism (Norland et al., 2020).
Our understanding of microplastic burden is coarse due to the lack of standardized
methods resulting in studies that cannot be comparable or may be misinterpreted (Roch et al.,
2019). For example, size is a highly important characteristic that impacts particle movement as
well as impact on the biota (Roch et al., 2019). Larger particles have the potential to cause
blockages or injure the digestive tract while smaller particles can be incorporated or translocated
into tissues (Roch et al., 2019). Although size is often measured after a plastic particle is
identified, potential size biases in identification are not addressed. Studying the fate and effect of
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only one shape and one size does not benefit our overall ecological understanding (Roch et al.,
2019). To compare it to something more tangible, it would be like studying the species located
only in cobble habitats and ignoring fish occupancy of other habitats while asking overarching
species questions.
Microplastic research can be made difficult due to contamination during the analytical
process and differences in the way individuals are reporting contamination (Roch et al., 2019).
Strict contamination protocol must be used during the microplastic quantification process, and
several scientists are calling for strict quality assurance protocol. Plastic particles may float
through the air, be transferred from analytical equipment or be contained in chemicals used
resulting in sample contamination (Roch et al., 2019).
Changes in methodology tend to impact the results of microplastic studies increasing
variability (e.g., whether the entire digestive tract is digested with chemicals or enzymes vs. just
visual inspection of stomach contents) (Roch et al., 2019). A variety of chemicals can be used to
digest organic material as well. Potassium hydroxide (KOH) has been shown to have the least
effect on the structure and color of microplastics with a recovery rate of 93.3% when compared
to other treatments conducted on virgin microplastics (Karami et al., 2017). KOH is less
effective at retrieving PVC, a recovery rate less than 95%. Thermal cycling at 40°C appears to be
the optimal temperature because higher temperatures (50°C & 60°C) impact NY66, nylon,
particles changing their color and potentially making them harder to detect (Karami et al., 2017).
Recently a non-destructive method removing microplastics from the stomach has been published
(Wagner et al., 2019). Although useful for species of concern and endangered species, this
methodology ignores that accumulation will take place mainly in the intestines where most
chemicals will be absorbed (Wagner et al., 2019).
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Black Bass Habitat Use, Diet and Microplastic Consumption
Largemouth bass (Micropterus salmoides), smallmouth bass (M. dolomieu), and spotted
bass (M. punctulatus), collectively referred to as black bass, are genetically related, ecologically
similar, sympatric species present throughout the United States (Long & Fisher, 2000). These
congeners tend to occupy the top trophic levels in freshwater systems, are highly adaptable and
have been spread to many systems outside of their natural range. Their spread is
anthropogenically assisted because they are one of the most prized sportfish in the United States
(Scott & Angermeier, 1998). Black bass have been coined keystone species (Taylor et al., 2019).
Theoretically due to their tendency to overlap, interspecific resource partitioning has arisen to
ensure survival, or their co-existence is allowed by habitat specialization that reduces
competition (Schoener 1974; Scott & Angermeier, 1998; Olson et al 2003). Resource
partitioning has been found to be weaker, stronger, or nonexistent depending on the system.
Habitat segregation appears to be system and age dependent (Michaletz, 1997; Olson et al.,
2003; Goclowski et al., 2013; Miranda et al., 2021). Instead, these three species seem to express
in varying degrees Watt’s (1964) hypothesis that states that their ability to exploit a wide variety
of resources has allowed their proliferation and persistence.
Smallmouth bass, Micropterus dolomieu, are one of the most widely introduced black
bass species. Populations have been introduced throughout North America, Europe, Russia and
Africa and smallmouth bass are invasive in 9 countries and stocked in 20 (Wuellner et al, 2010;
Carey et al. 2011). Smallmouth bass could arguably be the most popular sport fish in North
America. They are responsible for millions of angler days, 77.8% of competitive fishing events
in North American inland waters and are one of the most desirable sport fish in the Great Lakes
region (Stepien et al. 2007; Carey et al. 2011; Loppnow et al., 2013). The smallmouth bass
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fishery is a multimillion-dollar industry composed of both a recreational and sport fishery
supported by strong national organizations, local government, and many local communities
(Stepien et al. 2007). In Washington state alone $500,000 in prize money is awarded annually in
smallmouth bass fishing competitions (Carey et al. 2011). Although participation in fishing has
declined overall, the proportion of anglers targeting smallmouth bass has remained stable (Carey
et al. 2011). Smallmouth bass are thought to have originated in the Missouri River drainage and
have been extensively stocked since the 1800’s making it naturalized to many locations (Schall
et al., 2017).
Smallmouth bass are generally characterized as occupying cool to warm habitats with
gravel/rocky substrate with ample cover and forage (Scott & Angermeier, 1998). As previously
highlighted, smallmouth bass are an integral component of many fish communities and they
often are at the top of food webs (Pert et al., 2002). As adults, smallmouth bass are known to
consume mostly crayfish, but as smaller younger juveniles they subsist on zooplankton and small
aquatic insects (Scott & Angermeier, 1998). Juvenile smallmouth bass have demonstrated
enormous ecological flexibility, being described as both specialist and generalists depending on
the system (Pert et al., 2002). Diets however can be variable between years, seasons, and within
the same system (Easton et al., 1996). Pert et al. (2002) makes the point that juvenile smallmouth
bass literature often contains conflicting evidence and that the species itself should be looked at
as generalists, but that within an environment, they typically are specialists. This suggests that
juvenile smallmouth bass show a degree of dietary flexibility. Their feeding strategy has caused
concern in systems where smallmouth bass are introduced due to fears that they may outcompete
other species. However, Wuellner et al. (2010) found that competition between walleye and
smallmouth bass was minimized due to smallmouth bass prey size preferences, which tended to
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be smaller and encompass a wider range of sizes. Smallmouth bass growth potential and range is
expected to increase with climate change as temperatures continue to increase (Wuellner et al,
2010). Increased water temperatures paired with shifts in their growth potential will increase
energetic demand and alter consumption patterns. Climate change is causing smallmouth bass to
expand their range northward into southern Canada and New England, bringing with it dramatic
changes to the food webs (Carey et al., 2011; Loppnow et al., 2013). Smallmouth bass have the
potential to hybridize with spotted bass and few studies have assessed how hybrids behave in
relation to the pure species (Pierce & Van Den Avyle, 1997).
Spotted bass originate from the Mississippi River basin from southern Ohio and West
Virginia all the way south to the Gulf of Mexico and as far west as the Guadalupe River, Texas
(Churchill & Bettoli, 2015). Today their range extends much further due to introductions.
Generally, there is a lack of management-relevant information on movement, growth,
recruitment, and mortality rates for riverine spotted bass populations (Abell et al., 2018). Spotted
bass reach sexual maturity between 1-3 years old and spawn March to May or June when water
is between 14°C and 23°C (Churchill & Bettoli, 2015). Their habitat requirements are thought to
be an intermediary between largemouth and smallmouth bass, requiring clearer less productive
waters than largemouth but warmer and more turbid than smallmouth bass (Churchill & Bettoli,
2015). Spotted bass are considered habitat generalists, using a variety of different cover types
with shifts in occupancy dependent on the system (Scott & Angermeier, 1998; Churchill &
Bettoli, 2015). They tend to be associated less with steep drop offs and rocky shorelines than
smallmouth bass (Churchill & Bettoli, 2015). Spotted bass are reported to consume zooplankton
as fry, adding aquatic macroinvertebrates as juveniles (under 75 mm) and switching to fish and
crayfish as they get larger (over 150 mm) (Smith & Page, 1969; Scott & Angermeier, 1998; Hart,
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2005; Churchill & Bettoli, 2015). Generally, spotted bass in lentic environments are more
piscivorous than those in lotic environments (Smith & Page, 1969). In lotic systems spotted bass
consume crayfish, darters, cyprinids, and catfishes, supplementing their diet with terrestrial
insects when other food items are scarce (Churchill & Bettoli, 2015). Their diets are reported to
be like largemouth bass (Churchill & Bettoli, 2015).
Diel feeding movements are common in fish species. Spotted bass are believed to move
inshore to feed at night. Differences between afternoon and evening collections in the Smith &
Page (1969) study were minimal, potentially suggesting this behavior does not profoundly
influence feeding behavior. Spotted bass appear to be relatively motile from the limited studies
conducted. In the Smithland Pool of the Ohio River, it was found that spotted bass move between
the tributaries and the mainstem with 14% of bass ≥ age 2 captured in the Ohio River originating
from the tributaries (Abell et al., 2018). Why this movement occurs is unknown but individuals
less than a year old were not found outside of their natal waters (Abell et al., 2018). There is also
evidence that spotted bass conduct seasonal movements during the spring and autumn (Horton &
Guy, 2002; Abell et al., 2018). There is little management of or for spotted bass. Spotted bass
fishing regulations are often liberal, to benefit largemouth and smallmouth bass due to concerns
about competition especially in areas where spotted bass have been introduced (Godbout, 2009;
Gocowski et al., 2013; Churchill & Bettoli, 2015).
Largemouth bass are versatile predators. As a species their diet potential is large, but the
realized diet of the individual is a smaller subset (Schindler et al., 1997). Generally, largemouth
bass are thought to be mainly piscivorous, with similar diets between juveniles and adults. Due
to the variability in diet composition, they may follow a more generalist foraging pattern
(Schindler et al., 1997; Long & Fisher, 2000). Largemouth bass exhibit larger gape limits than
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their conspecifics of the same size and have the capability to consume large-bodied prey nearly
as large as themselves (Michaletz, 1997; Schindler et al., 1997). Although they have the
capability, generally largemouth bass do not eat prey that are at the upper limit of their gape
limitation (Michaletz, 1997; Schindler et al., 1997). For example, largemouth bass are not native
to the lower Boise River and diets consisted of 40% aquatic insects, 37% crayfish, and 11%
small-bodied fishes. This demonstrates that they will often eat prey smaller than their gape size
and consume things other than fish in high abundances (Braun & Walsher, 2011).
Individual largemouth bass seem to adopt semi-permanent foraging patterns dependent
on environmental and conspecific circumstances (Schindler et al., 1997; Jo et al., 2016).
Turbidity has been shown to impact prey selectivity with largemouth bass consuming more fish
and less crayfish in clearer water (Shoup & Wahl, 2009). Conspecific interactions and the
potential for ontogenetic specialization of foraging patterns is system dependent. For example,
contrary to the Braun & Walsher (2011) study in the lower Boise River, largemouth bass
introduced into a Mediterranean lake exhibited more punctuated ontogenetic shifts with fish
250–300 mm consuming shrimp or crayfish and fish greater than 300 mm, on crayfish and large
fish (García‐Berthou, 2002). The pause to piscivory was believed to be caused by species
assemblages and size structure further demonstrating largemouth bass versatility and variability.
Stable isotope analyses demonstrated differences in functional niche between age classes due to
shifts in ontogeny and found that age classes occupied distinct portions in the functional space
designating them ontogenetic ecological specialists (Zhao et al., 2014). Zhao et al (2014) also
found significant individual variability within age classes. These confounding factors may
explain the lack of positive relationship between diet breadth and population size expected by
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Schindler et al. (1996). In Korean rivers however, largemouth bass demonstrate an early onset of
piscivory contrary to what is seen in the Mediterranean (Jang et al., 2006; Jo et al., 2016).
Largemouth bass are conventionally thought to be found in the highest densities in aquatic
vegetation where they are the dominant predators (Pope et al., 2004; Godbout, 2009; Goclowski
et al., 2013; Miranda et al., 2021). The composition of that aquatic vegetation was demonstrated
to impact diet composition (Dibble & Harrel, 1997). Largemouth bass in common pondweed
consumed 86% macroinvertebrates and 14% prey fish while largemouth bass in Eurasian
watermilfoil consumed 25% macroinvertebrates and 75% prey fish. Differences were also noted
between adults and juveniles. The differences based on habitat composition highlights that diet
composition and largemouth bass’ potential to compete with other species may shift based on the
distinct vegetation composition of that habitat.
Competition within vegetated habitats is especially a concern with spotted bass since
largemouth and spotted bass exhibit habitat and temporal overlap in many systems. Movement
patterns of largemouth and spotted bass are similar, and both species have been noted to travel
over >5m during the spring spawning season to reach optimal spawning habitat (Goclowski et
al., 2013). In the Belville Pool of the Ohio River largemouth bass locations were found to be
17.7% and 46.8% in tributaries and embayment’s, respectively (Freund, 2003). During the spring
spawning season, it has been noted that spotted bass and largemouth bass use similar habitat
suggesting that without specialization the two may be in competition for food during this key
period (Goclowski et al., 2013). Like spotted bass, largemouth bass are a management concern in
introduced areas where they may compete with native predators as well as other bass species
(Braun & Walsher, 2011).
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Largemouth, smallmouth, and spotted bass have been studied in conjunction to varying
degrees and overall, all three black bass species appear to be opportunistic. Centrarchids are
known to change their habitat use in the presence of other species (Sammons and Bettoli, 1999).
High habitat overlap has been noted in largemouth bass and spotted bass in the Upper Flint River
(Georgia), New River (Virginia), Lake Norman (North Carolina), Brantley Lake (New Mexico),
and Sumner Lake (New Mexico) (Pope et al., 2004; Godbout, 2009; Goclowski et al., 2013). In
the Tennessee River, smallmouth bass, largemouth bass, and spotted bass selected riprap to
equaling degrees while largemouth selected more for aquatic plants and less for gravel than
spotted or smallmouth bass (Miranda et al., 2021). The Sammons and Bettoli (1999) study on the
Normandy Reservoir, Tennessee demonstrates different habitat preferences potentially due to the
difference between lentic/lotic systems. Ontogenetic differences in habitat usage and suitability
are also apparent (Olson et al., 2003). Largemouth bass and smallmouth bass studied in
experimental cobble and vegetated habitats displayed interspecific differences in feeding rates
and qualitative differences in predation risk. Smallmouth bass fed at lower rates in vegetated
habitats than cobble and had higher predation susceptibility (Olson et al., 2003). The results of
the suggested habitat partitioning between the two species could be due to differential
performance.
Ecologically similar species such as black bass are thought to partition food resources to
avoid competition (Long & Fisher, 2000). The co-occurrence of smallmouth bass, largemouth
bass and spotted bass seemingly breaks niche specialization theories proposed by Connell
(1980). Connell states that the likelihood that two species with very similar resource use will cooccur will be low, yet dietary overlap studies seem to show conflicting evidence. Dietary overlap
has been noted in black bass. In Lake Norman, Brantley Lake and Sumner Lake high diet overlap
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was found between spotted and largemouth bass (Pope et al., 2004; Godbout, 2009). Dietary
overlap examining gizzard shad importance found that age-0 gizzard shad were important to
largemouth and spotted bass diets in Stockton Lake, but not Pomme de Terre Lake. The lower
importance of gizzard shad in diets in Pomme de Terre Lake was attributed to lower abundances
of gizzard shad overall at that location (Michaletz, 1997). Spotted bass exhibit a wider niche
breadth and generally used habitat in proportion to its availability when compared to largemouth
bass according to the findings of Goclowski et al. (2013) suggesting habitat partitioning allowed
the two species to coexist. However, Miranda et al. (2021) found that availability did not impact
the congeners and instead they were found to co-occur in habitats as expected by chance. The
same was not true for juveniles, and they co-occurred more than what would have been expected
by chance. All three species were found in brush habitats greater than expected by chance
(Miranda et al., 2021). In stocking studies conducted by Clady (1980) where the ratios of
largemouth to spotted were varied in Oklahoma ponds, they found that a wider variety of taxa
were consumed by bass in mono species ponds than in mixed ponds. This follows niche theory
which suggests that niche size is larger when species are allopatric (De Santis et al., 2021).
However, it was found that in ponds with more than one species, bass grew larger and there was
higher total biomass (Clady, 1980). These seemingly conflicting conclusions are most likely due
to a combination of factors such as human introductions and stocking as well as their generalist
seemingly flexible nature making the outcome highly system dependent (Hodgson et al., 1997).
Miranda et al. (2021) suggests that organizational processes that typically separate these species
may be disrupted by anthropogenic modifications as well, which alter the structuring
mechanisms. There is also the potential for ontogenetic differences in habitat and resource use
that confound results when not considered. Juveniles were thought to be congregating in the
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Miranda et al. (2021) study due to interspecies attraction. There is also a temporal component. In
Skiatook Lake, spotted, largemouth and smallmouth bass diet overlap was significantly greater in
1999 than in 1997 which they attributed to a change in feeding modes from generalist to
specialist (Long & Fisher, 2000). Long and Fisher (2000) suggest that given the relatedness of
largemouth, smallmouth, and spotted bass and their similar functional ecosystem role, they may
act as one “ecological species”. This is further supported by experimental studies conducted by
Clady (1980) where they noted that the population of spotted bass in the ponds seemed to be
additive to the largemouth bass stocked in the ponds. It was instead found that intraspecies
competition was higher (Clady, 1980).
Other environmental variables may also be impacting the organizational processes
largemouth, smallmouth, and spotted bass exhibit when sympatric. One variable that Dibble and
Harrel (1997) point to that is not examined closely in many of the dietary and habitat overlap
studies is the composition of vegetated habitat. Variability in results previously mentioned
studies may stem from prey species composition differences in the aquatic vegetation and
differences in the definition of vegetated habitat. In Dibble and Harrel (1997) they examine
common pond weed, Potamogeton nodosus, vs. Eurasian milfoil, Myriophyllum spicatum. These
aquatic plants grow in different densities and ascribe different abiotic habitat characteristics to
the environment as well as change the habitat suitability for different prey items. Dietary and
habitat overlap can be susceptible to these fine scale changes. It is important to note that diet and
habitat studies comparing multiple species are inherently impacted by things such as diel
movement, seasonal distribution, and sample design (Sammons & Bettoli, 1999).
Finally, intraspecific factors may be impacting the organizational processes largemouth,
smallmouth, and spotted bass exhibit when sympatric. As previously mentioned, spotted bass
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may move from tributaries out into the mainstem and vice versa (Abell et al., 2018). These
movements are not well understood, nor are their potential trophodynamic drivers/impacts.
Intraspecific forces may be concurrently at play. In Schindler et al. (1997), they note that
individual behavior is often an unremarked upon but important force at play that arises due to the
foraging specializations of individuals. When higher largemouth bass densities occurred,
Schindler et al. (1997) found that individuals did not change their diet breadth, the scope of taxa
ingested, but instead became more consistent. Largemouth bass selected for the same prey types
over time. Foraging plasticity remains a relatively unexplored topic with black bass.
Black Bass and Microplastic Consumption
The foraging habits are intrinsically linked with consumption of microplastic whether
consumed directly or indirectly. Despite their economic and ecological importance, black bass
species consumption of microplastics are highly understudied. At the time of this writing, there
were three studies of microplastics including smallmouth bass, one study including spotted bass,
and four completed on largemouth bass, with two theses underway at Louisiana State University.
The first study focused on smallmouth bass from two sites in Susquehanna River and a site in
Pine Creek (Zaktansky, 2020). This study looked at diet in conjunction with microplastics and
found in 2017 and 2019 dominant prey items were crayfish (53.8% and 46%, respectively); in
2018, macroinvertebrates predominated (39.5%). Microplastic counts increased overtime, with
87.5% (average of 2.3 per fish) in 2017, 95.5% (average of 6.1 per fish) in 2018, and 100%
(average 28.1 per fish) in 2019 (Zaktansky, 2020). The Wagner et al. (2019) study on 10
smallmouth bass stomachs from Lake Erie used a noninvasive method to extract the stomach
contents and did not digest the stomach contents to determine microplastics within the prey. This
study found 7 total microplastic particles within the stomachs alone with 50% of fish containing
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a microplastic particle (Wagner et al., 2019). The study including spotted bass found one piece of
plastic, the number of fish examined was not reported and literature suggested quality control
protocol was not followed (Philips & Bonner, 2015). Museum samples of largemouth bass were
examined, and low numbers were found suggesting that microplastic consumption by fish is a
relatively new problem (Toner & Midway, 2021). Hou et al. (2021) conducted a similar museum
study and found microplastic concentrations increasing over time within largemouth bass from
Chicago’s urban and suburban areas suggesting that land use impacted the scope of the problem
in the past. More contemporarily, largemouth bass were examined in reservoirs in Illinois and
100% of bass consumed microplastics with a range of 1-28 fibers and/or fragments were found
(Hurt et al., 2020). Sheets/films were not examined. Largemouth bass display location specific
variation in microplastics (Gad, 2020). No known study has looked at these three bass species
together, much less within the same system, which when examined with dietary overlap could
help elucidate if individual species exhibit differences in their risk for microplastic consumption
and if diets are similar, trophic linkages.
West Virginia’s Navigable Rivers
Riverine systems are dynamic environments that are vulnerable to several stressors
(Woodward et al., 2010). West Virginian rivers have a long impact history that displays the
resilience of riverine environments. In particular, the Ohio River has undergone dramatic
changes over time though the narrative is one mirrored on many rivers. The Ohio River is an 8th
order river beginning in Pennsylvania, traversing the Appalachian region, and draining into the
Mississippi River. Some of the first accounts of the Ohio River detail it as a free flowing, hard
substrate clear river with shallow summer reaches (Seegart et al., 2013). Originally surrounded
by hardwood forests and dotted with wetlands, the river was heavily logged, and wetlands were
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drained as settlement progressed from the early 1800’s into the 1900’s. Nutrients, siltation and
turbidity increased. As development continued and populations on the river increased, the river
faced new sources of impact such as municipal, agricultural, and mine effluents (Krumholz &
Minckley, 1964; Thomas et al., 2005). Sewage was released into the river untreated (Krumholz
& Minckley, 1964; Thomas et al., 2005). By the middle of the 19th century, water quality had
declined substantially and acid mine drainage from coal and steel mining industries had caused
pH values as low as 4 in pool reaches (Pearson and Krumholz 1984; Thomas et al., 2005). The
decrease in water quality caused the extirpation of 3 fish species (Krumholz & Minckley, 1964;
Thomas et al., 2005). From the 1950’s on, efforts were made to improve water quality including
treatment of sewage, creation of The Ohio River Valley Water Sanitation Commission, the
passage of the Clean Water Act and Ohio River Ecological Research Program which led to a
rebound in fish assemblages, including an increase in pollution sensitive species such as
smallmouth bass (Krumholz & Minckley, 1964; Thomas et al., 2005; Seegart et al., 2013).
In addition, the Ohio River has had multiple morphological changes that may have impacted fish
assemblages and abiotic characteristics. In the early 1800’s, navigation of the river was a priority
and sandbars, islands, and gemological complexity was removed. In 1885, a series of what would
eventually be 50 low-lift navigational dams were installed into the river creating a 3-m deep
navigational channel that would later in 1921 be replaced by 18 high lift dams. These dams have
created a series of lakes increasing sedimentation and altering the temperature regime. This shift
from a more lotic to lentic environment may impact species abundances and diversity (Krumholz
& Minckley, 1964).
Over the 100+ years of monitoring and long-term data collection, longitudinal patterns in
species diversity have been noted (Krumholz & Minckley, 1964; Thomas et al., 2005; Seegart et
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al., 2013). The lower reaches of the Ohio River have mimicked the species diversity of the
adjacent Mississippi river (Pearson and Krumholz, 1984). This pattern has continued to hold as
water quality increased (Seegart et al., 2013). For example, spotted bass are more common in the
upper half of the river, while smallmouth bass are more common in the upper third (Seegart et
al., 2013). No trend was found for species such as largemouth bass. Striped bass, Morone
saxatilis, increased from upstream to downstream (Seegart et al., 2013). Species that prefer
smaller free flowing water dominated the upper reaches of the Ohio while those that were found
in slower moving water dominated the middle reaches (Reash and Van Hassel, 1988; Seegart et
al., 2013). This is attributed to differences in habitat conditions. The upper reaches contain a
higher proportion of hard substrate, habitat diversity and are more “riverine” when compared to
the lower portions (Seegart et al., 2013). For example, smallmouth bass and spotted bass catch
per unit effort (CPE) were directly related to percent cobble/boulder and inversely related to
percent silt (Seegart et al., 2013). Historically cleaner tributaries have played a significant role in
supplementing the Ohio River fish populations though it cannot be ignored that the issues of the
tributaries become the issues of the mainstem regarding pollution and water quality (Krumholz
& Minckley, 1964; Frued, 2003; Abell et al., 2018).
The Ohio River faces a new threat: microplastics. The Appalachian region is a target
region for the creation of new cracking plants due to their support of fracking and two plants are
currently being built (Holden, 2019; Patterson, 2020). The first in Dilles Bottom, Belmont
County, Ohio, is being constructed by a Thailand based company PTTGC America LLC and the
second in Monaca, Beaver County, PA constructed by Shell Pennsylvania Chemicals (Patterson,
2021). These plants are an environmental concern because not only do they produce carbon
dioxide emissions of putting about 365,000- 424,000 cars on the road but release microplastics in
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their effluent (Holden 2019). Concerns have arisen that Appalachia may be the next “Cancer
Alley” (an area in Louisiana stretching from New Orleans to Baton Rouge known for high rates
of cancer and other diseases due to the high number of petroleum refineries) and cancer rates in
the confluence of the Ohio and Monongahela River are already high (Holden, 2019; Hopey
2013). Without these plants, the Ohio River already has microplastics and studies of the Ohio
River have been conducted in conjunction with studies of the Mississippi River where during
low flow conditions the river mouth (Fort Massac, Illinois) was found to have 83 microplastics/L
(Scircle et al., 2020). Microplastic counts ranged from ~55-58/L for 30-90μm; 20-10 for 90125μm; ~22-12 for the 125-250μm; ~12-2 for the > 250μm (Scircle et al., 2020). In a study
focused on microplastic loading into the Mississippi, it found that the Ohio River already has the
highest tributary loading of microplastics (Scircle et al., 2020). Studies of the Cumberland River,
Nashville, TN found that there were 27.9 microfibers/L (Said & Heard, 2020). Jointly the Ohio,
Kanawha and Monongahela River make up the head waters of the Mississippi, which is
estimated to annually transport 328 billion particles (811,870 kg) of plastic (Toner, 2020).
The Kanawha River is a 6th order 188 km tributary with a drainage basin of 12,300
square miles encompassing North Carolina, Virginia and West Virginia and is the largest
northward flowing river in the United States (Lizotte & Simmons, 1985; Willey, 1986). It
discharges roughly 242.8m/s into the Ohio River (Scott & Nielsen, 1989). Charleston, the second
largest city in West Virginia, borders its banks. Like the Ohio River, the Kanawha was heavily
logged by the 1920s and little old growth remains (Chambers & Messinger, 2001). The river has
four major impoundments and is surrounded by mainly forested land with most of the population
in the basin living in Charleston (Willey, 1986, Chambers & Messinger, 2001). Like the Ohio
River, the Kanawha River was historically polluted with industrial and municipal waste and has
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seen water quality improve contemporarily (Waldron & White, 1989). Contemporarily coal (7%
of the coal mined in the US) and chemical manufacturing are the major industries in the basin
(Chambers & Messinger, 2001). Once frequent hypoxic and anoxic zones are now minimized
(Waldron & White 1989). Despite these improvements, the Kanawha River still has evidence of
contamination of polycyclic aromatic hydrocarbons (PAH), heavy metals, and chlorinated
pesticides in the sediments in many parts of the river (Waldron & White 1989). Pollutants have
been found in the tissues of species within the river (WVDNR 1986, 1987b). Overall, the
riverbed has been shown to be a significant contributor to ecological functioning in the Kanawha
River. In 1987, Hershfeld found that the standing stock of fish in the Kanawha was 242 ß kg/ha
and trophic generalists made up the highest proportion (73-83%). More contemporary
ichthyoplankton studies found that Clupeidae, common carp, Cyprinus carpio, and freshwater
drum (Aplodinotus grunniens) dominated main channel and near shore collections while
Cyprinidae, Catostomidae, and bluegill sunfish (Lepomis macrochirus) dominated the shoreline
(Rider & Margraf, 1997). Smallmouth bass and largemouth bass larvae were identified with
higher abundances of smallmouth bass (Rider & Margraf, 1997).
The system is sensitive to turbidity, with declines in most heterotrophic groups during
turbid events (Hershfeld et al., 1987). Analysis of functional process zones, river zones that have
different riverbed characteristics resulting in different food web character, on the Kanawha River
found that food chain length was significantly correlated with heterogeneity of the riverbed and
the morphological characteristics (Thoms et al., 2017). Although basal resources were similar
throughout the river, their assimilation differed and there were differences between the trophic
positioning of fish between different functional process zones (Thoms et al., 2017). Currently
there have been no formal studies of microplastic pollution in the Kanawha River.
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The Monongahela River was historically called “the River of Sweat” because of its long
industrial history (Parker, 1999). The steamboat industry started on the Monongahela River, and
it was home of the first riverboat builders and a steel capital (Parker, 1999). The Monongahela
River is a 210 km 4th order tributary of the Ohio River with a drainage basin of 7,340 square
miles encompassing West Virginia and Pennsylvania. Like the Ohio and the Kanawha, the
Monongahela River has a series of locks and dams that prevent its free flow, increasing its
navigability but altering the hydrological regime (Argent et al., 2009). Also, like the rivers before
it, the Monongahela River suffers from water quality issues linked to coal mining, agriculture,
industrial processes, and municipal discharges (Argent et al., 2009). To express the direness of
the water quality issues in the Monongahela, the water quality was described as experiencing
increasing “chemical paralysis” as early as 1899 (Schwartz & William, 1962). In 1975 the
Monongahela River was “acid polluted”, with a pH ranging from 3.4 to 7.7 (Klarberg & Benson,
1975). Fish assemblages were greatly reduced and brown bullhead, Ictalurus nebulosu, a species
correlated with acid mine drainage, was found to exist ubiquitously surviving on detritus,
sewage, and acid tolerant invertebrates (Klarberg & Benson, 1975).
There have been substantial efforts to improve water quality and increase the fish stock
health since the 1970’s with the Federal Clean Water Act and the West Virginia Surface Mining
and Reclamation Act of 1971, which increased restrictions on surface mining. Since the 1970’s
the fish biomass, number of species and number of individuals increased (Hedrick et al., 2003)
Although improved water conditions now allow for more robust species populations, the
pollution issues for the Monongahela, like the Kanawha, is a contemporary issue (Hedrick et al.,
2003). In 2008 due to low flow conditions, total dissolved solids, sulfates, and chlorides
increased in the river above DEP permissible levels due to companies drilling for natural gas in
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the Marcellus Shale disposing portions of their flow back into municipal sewage treatment plants
and in 2021 a blowout at the former T & T Mine Complex dumped large amounts of acidic water
(10 times that of normal concentrations peaking at 6,200 gallons per minute) and sediment into
the Cheat River, a tributary of the Monongahela (Tetra Tech, 2009; Marthey, 2021).
Water quality issues faced in this region are exacerbated by some of the greatest levels of
poverty, isolation, rough geographical terrain, and inadequate septic treatment systems in the
USA (Petersen & Hubbart, 2020). These issues, though diluting along the way, contribute to the
pollution faced in the Ohio River. The Monongahela River and its tributaries also historically
had several endemic mollusks that remain a conservation priority today (Schwartz & William,
1962). Only 7 of the historical 28 freshwater mussel species noted in 1919 were found in 2012 in
the Monongahela (Hart, 2012). Currently, there have not been microplastic studies in the
Monongahela River or its tributaries, but conclusion can be drawn that freshwater mollusks face
similar threats from microplastics as their marine counterparts since both are filter feeders.
Production of shale gas is expected to grow to 50% of the total U.S. production of natural gas by
2040. The energy department states that global demand for plastic is rising, and it will either be
produced in the US or in countries with more lax environmental standards however, since
COVID 19 market instability has weakened the confidence of investors, potentially creating an
opening for prevention (Holden, 2019).
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Chapter 2:
Small scale variation in microplastic consumption in riverine freshwater sympatric species

Abstract
Microplastic pollution is an exponentially growing emerging issue in freshwater riverine
environments where very little is known about drivers of consumption in fish species. This study
assesses variability in consumption over small spatial scales, pools designated by dams, and
across seasons on the Monongahela River in the upper Ohio River drainage using Quasi Poisson
regression and contrasts in sympatric Micropterus species, smallmouth, M. dolomieu,
largemouth, M. salmoides, and spotted bass, M. punctulatus. Overall, variability in consumption
of microplastic is found in all three species across seasons and small spatial scales and similar
patterns are not demonstrated by sympatric species, suggesting that subtle differences in life
history and behavior impact consumption.

Scientific Significance Statement
Microplastic is an emerging contaminant that remains understudied in freshwater fish
compared to their marine counterparts. Much of the research conducted on microplastic
consumption in fish has focused on quantification, physiological effects, and potential
accumulation due to feeding behavior. Currently the field lacks an integration of fisheries
ecology in natural systems. In this article, we explore variation in microplastic consumption
seasonally in a navigable river alongside a rural urban center. We use modeling to determine
how life history characteristics impact accumulation of microplastics by shape. This study finds
that species with similar feeding behavior vary in their microplastic consumption across small
spatial scales and seasonally.

Introduction
Microplastics are any plastic particles under 5 mm in length and have been found
ubiquitously in aquatic and terrestrial environments due to its dominance in man made products
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(Estahbanati & Fahrenfeld, 2016; Vince & Hardesty, 2018). Microplastic research has exploded
since the early 2000’s due to growing social concern (Petersen & Hubbart, 2020). Concern about
microplastic pollution arose in the early 2000s and references to microplastics jumped from just
2 in 2009 to 939 in 2019 in scientific journals (Peterson & Hubbart, 2020). The “microplastic
problem” is now considered a tragedy of the commons and the travesty is only expected to grow,
doubling, or tripling in the next 20 years (SYSTEMIQ, P. C. T., 2020; Vince & Hardesty, 2018).
The lack of research and exponential growth of the issue is a major concern for
freshwater systems which remain under researched and lack in situ experimentation, particularly
in North America. Freshwater research of microplastics is just beginning to gain momentum and
was labeled an emerging threat (Grigorakis & Drouillard, 2018). Still, research in freshwater
systems lags behind its marine counterpart, only comprising 4% of the total research body on
microplastics (Li et al., 2018). Even less is known about the impact on freshwater organisms,
which already face a bevy of threats including climate change and display high rates of
extinction that are predicted to continue (Warren & Burr, 1994; Ricciardi & Ramussen, 2001). In
2020 there were only 39 articles published about freshwater biota and microplastics, 25 were lab
experiments assessing impacts on fish (Yao et al., 2020). Microplastic represents an additional
stressor on freshwater populations that has the potential to exacerbate issues with other
contaminants. When consumed, microplastics have the potential to cause sublethal effects in
organisms. Microplastics irritate the stomach and intestines, damage tissue, and cause feelings of
false satiation impacting the individuals’ energy intake (Bellasi et al.,2020). They can also
accumulate and create blockages. Microplastics have also been shown to accumulate and
transport polychlorinated biphenyls (PCBs), persistent organic pollutants (POPs),
polybrominated diphenyl ethers (PBDEs), metals, bacteria, and other pathogens into aquatic life

55

(Bellasi et al.,2020). Microplastics’ vector capacity of chemical contaminants and impact is
debated and is dependent on the characteristics of the plastic in question and the environment.
Characteristics influencing the vector capacity include size, polymer composition, shape, and
age. The same characteristics are linked to their hydrodynamic properties and influence their
movement in the environment (Bellasi et al.,2020). Currently major gaps exist in our
understanding of microplastic consumption under natural conditions.
A wide variety of sources contribute microplastic pollution into rivers such as urban
centers, wastewater treatment plants and biosolids applied to fields (Carvalho et al., 2021;
Estahbanati, S., & Fahrenfeld, N. L., 2016). Previously designated as highways for microplastic
pollution to the ocean, the potential for storage of microplastics within the system has now been
acknowledged as well as spatial and temporal patterns in their presence (McNeish et al., 2018;
Wickasono et al., 2021; Hoellein et al., 2019). Our understanding and mapping of sources and
fluxes remains incomplete and our inability to map movement remains a large limiting factor in
our understanding of their consumption.
The consumption of microplastic by riverine fish is complex due to temporal fluxes,
landscape interactions and spatial heterogeneity within the river interacting with species
characteristics. Consumption of microplastics has been acknowledged in a wide variety of fish
species but focus on riverine fish in situ has been limited (Zheng et al., 2018). Overall
consumption of microplastic is theorized to occur either directly or indirectly. Direct
consumption occurs when the fish misidentifies a microplastic particle as prey and consumes it
while indirect consumption includes accidental ingestion and biomagnification (Roch et al.,
2020). Primarily research concerning microplastic accumulation in fish has focused on potential
biomagnification and trophic transfer (Provencher et al., 2019). Correlations between

56

microplastic count and feeding guilds have been inconclusive and contradictory (Vendel et al.,
2017; Andrade et al., 2019; McNeish et al., 2018). Accidental ingestion has not been the focus of
most research however recognition is growing. In lab experimentation, Bowen et al. (2021)
found that fiber ingestion occurred passively in largemouth bass, Micropterus salmoides, and
that regurgitation of fibers occurred less often in the presence of food. In Roch et al. (2020), they
theorize that small particles could also be ingested with water. Through experimentation they
find that visual and chemosensory foragers consume microplastic particles passively and find
that fish size, the presence of food and microplastic concentrations impact the accumulation of
microplastic in the digestive tract (Roch et al., 2020).
Sympatric species, defined as closely related species that display similar ecological roles,
overlap in distribution, and consume similar prey types provide a unique perspective on
microplastic consumption. The use of sympatric species minimizes species differences and in
marine environments has elucidated the importance of feeding habits and behavior in coastal
microplastic consumption in dolphins (Di Beneditto & Ramos, 2014). This study examines in
situ consumption of microplastic in sympatric black bass: largemouth, Micropterus salmoides,
smallmouth, M. dolomieu, and spotted bass, M. punctulatus. These species are economically and
environmentally important since they are considered keystone species that support large
recreational freshwater fisheries (Stepien et al. 2007).
In this study we aim to assess microplastic consumption on three levels of resolution,
total microplastic consumption, microplastic consumption by shape and microplastic
consumption by shape-size, in three sympatric black bass species. Total microplastic
consumption is included due to its prevalence in the literature despite the lack of informative
resolution and environmental dynamic significance. Total by shape is included as well as shape-
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size. Shape (fiber, fragment, foam, and sheet) is included as a coarser metric since shape can help
identify the source and is commonly reported in microplastic literature (Rochman et al., 2019).
Shape-size is the finest metric and most relevant to environmental fate since movement in the
environment is a byproduct of the density. The variability of these three metrics in the three
sympatric species is used to determine potential differences due to space and time. The
objectives of this study are: (1) Determine the microplastic consumption composition for black
bass species on the Monongahela River and identify potential differences between the sympatric
species; (2) Investigate spatial variation within the Monongahela River to determine if
consumption of microplastics and microplastic composition changes over relatively small spatial
scales; (3) Examine potential temporal variability by determining differences in composition
seasonally on the Monongahela River. Overall, it is hypothesized that the three metrics will
demonstrate different results for each question, highlighting the need for higher resolution
reporting. It is hypothesized that although smallmouth, largemouth, and spotted bass are
sympatric species with diets, trophic status and life history that is generalized as similar, their
microplastic total and shape totals will display significant differences in their accumulation of
microplastic corresponding to the unique differences in species ecology. Intraspecific variation is
expected seasonally and yearly with changing environmental concentrations, bioavailability, and
potential dietary uptake mechanisms. Inter and intraspecies differences are expected between
rivers despite both containing large urban centers due to differences in the number of watersheds
encompassed and land use characteristics.

Methods
Study Sites
During Fall 2019 (9/12 - 9/15) and Spring 2020 (5/19 - 5/28) fish were collected from the
Monongahela River (Opekiska Pool, Morgantown Pool and Pt. Marion Pool) by the West
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Virginia Division of Natural Resources through nighttime boat electrofishing and provided fresh
or frozen to West Virginia University.
The Monongahela River is a tributary of the Ohio River, which contributes the highest
load of microplastic to the Mississippi, ~83 pieces of microplastics per liter (Scircle et al., 2020).
The Monongahela River encompasses 6 HUC 8 watersheds, 3 of which contribute to this study
area: the Tygart Valley, West Fork, and Monongahela River (Richards, 2012). The Morgantown
and upper Pt. Marion Pool encompasses Morgantown, the second largest city in the state and is a
potential direct input of microplastic into the system through wastewater treatment plants and
street runoff (Figure 1). During fall 2019 discharge in the Monongahela River was lower than the
88-year average with periodic but frequent recharge events (Figure 2). During spring 2020 flow
fluctuated around the mean until March 28th. After March 28th the discharge decreased steeply
until approximately April 11th, after which the river experienced flow greater than the 88-year
average (Figure 3). Throughout the study area there are five lock and dam systems controlling
the flow that may act as barriers to microplastic movement or collection points (Watkins et al.,
2019). Study site conditions have the potential to impact bioavailability (Cheung et al., 2019; de
Carvalho et al., 2021).
Processing
Post capture fish were brought to West Virginia University where fish were measured,
weighed, and otoliths were removed for aging. Viscera were removed in totality and stored in
Whirl-Pak bags tagged with pool location and individual identification numbers. Samples were
then frozen.
When analyzed for microplastics, samples were placed sealed in a warm water bath in a
glass dish to defrost. Upon examination an air control was established, and viscera were
transferred to a clean glass examination dish (See Contamination Protocol). The digestive tract
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was extracted from the other organs and moved to a clean petri dish where it was examined for
tears. Tears have the potential to introduce microplastics into the digestive tract that did not
originate from consumption. After examination stomach fullness was visually identified and
quantified on a scale of 1-3 where 1 is empty, 2 is partially full, and 3 is full. The stomach was
then opened, and gut contents identified and enumerated into categories of crayfish, fish, aquatic
macroinvertebrate and other. Prey length was recorded as spinal length for fish and carapace
length for crayfish. When incomplete spines or crayfish claws were present without a complete
spinal column, presence was noted, and abundance assumed to be 1 for fish and 1 for each set of
crayfish claws within the stomach.
After stomach contents were examined a 10% KOH weight/volume solution was added to
the petri dish to dissolve the flesh (Hajovsky, 2015; Karami et al., 2015). Using a 10% KOH
weight/volume solution demonstrated minimal degradation of plastic polymers (Karami et al.,
2015). The air control and sample were then closed and stored for ~24 hours at 40°C in a Fisher
Scientific Isotemp Oven Model 655F to ensure maximum recovery rate and minimal
degradation. After 24 hours the filtering process began. The sample as well as the air control
were opened and the sample was rinsed using Ultrapure Water into a sieve tower with mesh sizes
of 500, 300, 212, 106 and 20μm to segregate microplastics by size (Hajovsky, 2015; Estahbanati
& Fahrenfeld, 2016). Sieves were then removed from the tower, washed into the receiving basin
of a vacuum filtration device using Ultrapure water and filtered onto cellulose 47 mm 11μm
Whatman Grade 1 Qualitative Filter Paper. Papers were then removed from the device using
stainless steel fine forceps and stored in marked closed glass petri dishes. Once all sieves were
washed and filtered, the air control was closed, and petri dishes were stored in a Fisher Scientific
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Isotemp Oven Model 655F to dry at 40°C. Allowing the samples to completely dry aids in
microplastic identification (Hajovsky, 2015).
After drying for ~24 hours samples were visually inspected under a dissecting
microscope using fine stainless-steel forceps, a stainless-steel probe, Bunsen Burner, and
fluorescent ring light. Fluorescent ring lights aid in plastic identification by illuminating the
shape of the microplastic and allowing the differentiation between organic and non-organic
matter. Microplastic particles were identified using the characteristics described in Hidalgo-Ruiz
et al. (2012). Additionally, all suspected microplastic underwent the hot needle test, where all
suspected plastic particles were touched with a heated probe. When touched with a heated probe
the plastic will shrink, melt, edges may become stringy and may emit smoke and a smell. In
contrast, organic pieces char, become brittle and fracture. When needed, plastic particles were
moved to a compound microscope for further examination. Microplastic particles were divided
out by sieve size and then characterized by shape (fiber, foam, fragment, and sheet). Fourier
transform infrared, FTIR, and other polymer identification methods were not used to identify the
particles in this study
Contamination Protocol
Strict contamination protocol was followed during processing to minimize the addition of
microplastic particles since processing was not conducted in a clean room. All study participants
donned nitrile gloves and red cotton lab coats and masks while processing samples. Red cotton
lab coats and masks allow fibers coming from sample processors to be identified and ignored
when plastic counts are enumerated (Karami et al., 2015). All red fibers were ignored.
Prior to opening the whirl bag, the laboratory bench was wiped down using KimWipes,
Ultrapure water, and ethanol to remove potential surface contaminants. Ethanol was used in
conjunction with Ultrapure water to dislodge both polar and non-polar contaminants. During
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processing all utensils and equipment were washed before and between samples with Ultrapure
water and ethanol to minimize cross contamination and dislodge both polar and non-polar
particles effectively. All petri dishes were washed with ethanol and Ultrapure water post sample
processing, dried with Kim Wipes, and placed closed in the Fisher Scientific Isotemp Oven
Model 655F to dry at 40°C.
Several controls were run to account for potential contamination through processing as
well. Controls included an air, ethanol, Ultrapure, whirl bag and transfer controls. Air
contamination controls accounted for potential aerial deposition of microplastics. These samples
were run in parallel with each digestive tract processed so that there was an air control for each
specific specimen. When not processed, samples were kept covered in glass petri dishes and the
corresponding air contamination blank was closed (Lopes et al., 2020). The transfer of
microplastics between samples is acknowledged, and a set of procedural blanks were run
simultaneously with samples to quantify potential transference (Lopes et al., 2020). Procedural
blanks were run randomly throughout processing and consisted of running 100mL of Ultrapure
water through the sieve tower post cleaning to determine how many pieces of microplastic would
be transferred from the previous sample to the one after. Ultrapure and ethanol samples were
collected throughout sample processing with a minimum of one per month and reserved for later
processing in 50mL glass vials. These samples were then filtered onto cellulose 47mm 11μm
Whatman Grade 1 Qualitative Filter Paper and enumerated. Whirl-Pak bag contamination was
determined by filling sealed unused whirl bags with 50mL of Ultrapure water then agitating the
bags for 30 seconds and pouring the contents into the vacuum filtration device. Contamination
samples were then filtered onto cellulose 47mm 11μm Whatman Grade 1 Qualitative Filter Paper
and enumerated. Contamination values were reported as the average found for each type and size
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class for transferred microplastics and whole averages for Whirl-Pak Bags, Ultrapure water, and
ethanol (Appendix).
Analysis
For each species mean, maximum and minimum were determined for total plastic count,
count by shape (fiber, foam, fragment, and sheet) and count by shape-size (e.g., total count
>500μm fiber, total count 500-300μm fiber, total count 300-212μm fiber, 212-106μm fiber and
106-20μm fiber) for fall 2019 and spring 2020. Spring 2020 data was partitioned by three pools
(Opekiska, Morgantown and Point Marion) and summary statistics were generated. For each site
during each sampling period, the percent composition of microplastic by shape and size was also
calculated. The size class 106-20μm was left out of further analysis despite its significance as the
range of size at which plastics can begin to move from the digestive tract into other tissues due to
higher rates of visual misidentification in the literature (O’Connor et al., 2020).
Analysis was conducted using R statistical software. Total microplastic count, count by
shape and count by shape-size were treated as continuous response variables. Shapiro Wilk tests
generated significant (p ≤ 0.05) results for total plastic count, count by shape, and count by
shape-size, signifying that the counts were not normally distributed. As a result, general
linearized models, and where appropriate contrasts, were used to determine correlations.
Microplastic count distributions were first described using Poisson distributions, a commonly
used distribution to model for count data (Ver Hoef & Boveng, 2007). Poisson distributions
assume that the variance is equal to the mean. The data however expressed overdispersion,
variance greater than the mean, with dispersion parameters greater than 1 (Symonds &
Moussalli, 2011). There are three methods to handle overdispersion: negative binomial
distribution, Quasi Poisson models and zero-inflated models (Ver Hoef & Boveng, 2007).
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Quasi Poisson models with a log link function were chosen over negative binomial
models due to inconsistencies in whether the negative binomial distribution was the proper
distribution using the Cramer-von Mises goodness of fit test from the R-package gofttest, which
compares the distribution of the data to the empirical distribution. Zero-inflated models were not
used because the models mix two zero generating processes. In the case of this study, it may
mean that population characteristics impact the probability a fish is in an area with a shape of
microplastic, the first zero generating process, and then the probability of microplastic being in
the digestive system is also impacted by the prey consumed, the second zero generating process.
Choosing to model in this way would require assumptions that are not appropriate to make at the
time of this study.
Quasi Poisson models were validated using Pearson’s residuals (Zuur & Freckleton,
2016). McFadden’s pseudo-R value was reported for all models and comparisons (Hensher &
Stopher, 1979). An excellent fit for McFadden’s pseudo-R is a model with a value between 0.20.4 (Hensher & Stopher, 1979). Significance was determined with a sequential Bonferroni test to
correct for multiple comparisons. For each significant correlation, standard error was calculated
by first recreating the model using a Poisson distribution and then multiplying the standard error
of the dependent variable from the Poisson distribution by the square root of the dispersion
value. McFadden’s Pseudo-R2 was used to determine the amount of variation explained by the
significantly correlated predictor.
Quasi Poisson general linearized models and contrasts were used to determine within
species correlations between the pool of capture (Opekiska, Morgantown or Point Marion) and
total microplastic count, count by shape, and count by shape-size for spring 2020.Within pools,
correlations between species and total microplastic count, count by shape and count by shape-
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size were also analyzed. Kruskal Wallace tests were used to determine if within pools species
exhibited correlations between count measures and fullness during spring 2020. Correlations
between total microplastic count, count by shape, count by shape-size and season within and
between species were investigated using fish from only the Point Marion pool which limits
additional spatial variation. Finally, total microplastic count, count by shape and count by shapesize was compared between the Point Marion Pool and Monongahela River during fall 2019 to
determine if significant correlations exist between the river the fish occupied and counts. Kruskal
Wallace tests were utilized to determine if correlations between count measures and fullness
within species during fall 2019.
Due to the link between diet and uptake of microplastics, we report diets in coarse
categories of fish, crayfish and other macroinvertebrates, hereafter referred to as
macroinvertebrates. Dietary analysis was conducted for fall 2019 and spring 2020 on the
Monongahela River. Spring 2020 was partitioned between pools of capture to determine spatial
variation. Dietary analysis consisted of determining the percent frequency of occurrence (Fi) of
each prey category according to the equation:
Fi = (F/Ft) *100
Where F is the number of stomachs containing the food item, and Ft is the total number of
stomachs examined (Barletta et al., 2020). The percentage of prey abundance by number was
also calculated:
%Ni = (Ni/Nt) *100
Where Ni is the count of a food item and Nt is the total number of food items in the stomachs
examined.

Results
Black Bass Sample Characteristics
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Sample sizes of bass species differed between pools in the spring 2020 sampling.
Smallmouth bass sample size ranged from 19-28, largemouth bass ranged from 27-29 and
spotted bass ranged from 19-27 (Table 1). Fall 2019 sampling in the Point Marion pool was
highest in smallmouth bass (n=40) and lowest in largemouth bass (n=24) (Table 2).
Bass Diets
Dietary analysis using frequency of occurrence of diet items by pool determined that
occurrence of diet items changed between pool locations (Table 1). In the Opekiska Pool, the
most upstream pool, spotted bass consumed exclusively crayfish while further downstream in the
Morgantown Pool, fish are incorporated into the diet and the frequency of occurrence of crayfish
decreases, 16% and 66.7% respectively. Spotted bass were the only species to demonstrate
benthic macroinvertebrate consumption, primarily Chironomidae, in the Morgantown Pool.
Largemouth bass and smallmouth bass consumed primarily fish with the percent frequency of
crayfish increasing in the Morgantown Pool for both species. Largemouth bass demonstrated the
highest frequency of fish consumed in the Point Marion (100%) and lowest proportions of fish
consumed in the Opekiska Pool (58.3%). Of the largemouth bass examined, crayfish were not in
the diet in the Point Marion Pool. Macroinvertebrate consumption by largemouth bass occurred
only in the Opekiska Pool (25%).
The percent by number calculation demonstrates abundance of food items found in the
stomachs (Table 3). Pool comparisons in Spring 2020 demonstrate that by number, fish
composed more of the diet in Smallmouth bass than crayfish. Fish were consumed in the highest
percentage by number in the Point Marion Pool for smallmouth bass (80%) and least in the
Morgantown Pool (44%). The percent number of crayfish consumed by smallmouth bass was
highest in the Morgantown Pool and lowest in the Opekiska Pool (8%). Smallmouth bass and
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largemouth bass consumed approximately 25% macroinvertebrates by number in the Opekiska
Pool. Largemouth bass consumed only fish in the Point Marion Pool making it the highest
percent by number, but overall fish consumption exceeded 65%. Spotted bass consumption by
number of crayfish was low in the Morgantown Pool (16%) when compared to the Opekiska and
Point Marion Pool, 100% and 62.50% respectively. In the Morgantown Pool spotted bass
consumed 72% macroinvertebrates by number. Fish consumed by number was greatest in the
Point Marion Pool (38%).
Between seasons, fall 2019 and spring 2020, in the Point Marion Pool largemouth bass
demonstrate a notable difference in crayfish consumption (Table 1). The frequency of crayfish in
largemouth bass the diet is 49% in fall while it is absent in the spring. Otherwise between
seasons consumption appears relatively consistent with slight deviations. Smallmouth bass
frequency of fish consumed is determined to be 59% in the fall and 80% in the spring.
Largemouth bass frequency of fish in the diet shifts from 51% in the fall to 100% in the spring.
During the fall, smallmouth bass are the only species to consume macroinvertebrates (4%) and a
decrease in the frequency of crayfish is observed 37% compared to 20% in the spring. Percent by
number consumption in fall 2019 and spring 2019 demonstrate that overall fish composed more
of the diet by number in the spring than the fall with crayfish consumption by number increasing
in the fall (Table 2).
Diet patterns can be influenced by fish size, so differences in size distributions in samples
may influence results (Figure 4). Chi-squared test for intraspecies differences in size structure
between pools and interspecies differences within pools were not significant however so this is
not a concern. Size structure was also found to not be significantly different between seasons in
the Point Marion Pool. The bass collections were considered representative of available species
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and sizes for the pools and seasons such that microplastic results are considered representative of
respective populations.
Spring 2020: Microplastic Consumption Variation Between Pools
All individuals contained microplastics within their digestive tract during spring 2020
(Table 3). Fibers, fragments, and sheets were found most often, with foam found less often, but
in higher amounts. During spring 2020 across pools, spotted bass consistently expressed the
lowest mean total concentration of microplastics, 24-31 pieces (Table 3). The highest mean total
microplastics for spotted bass occurred in the Morgantown Pool, 31 pieces. Smallmouth bass and
largemouth bass display the highest mean total microplastics in the Point Marion pool, 54 and 37
pieces respectively. Smallmouth bass demonstrated the highest microplastic consumption on
average in the Point Marion Pool and the Morgantown Pool, 60 and 54 pieces of microplastic
particles on average. Ranges of total microplastic were highest in largemouth bass with
individuals containing as many as 227 pieces in the Point Marion pool and 165 pieces in the
Opekiska Pool. Smallmouth bass had the largest range in the Morgantown Pool, 110 pieces.
Overall, the largest range in microplastic consumed occurred in the Point Marion pool for all
three species (Table 3).
Average composition of microplastics found within black bass changes between pools
(Table 3). Sheets made up a higher proportion of the plastics found in smallmouth bass on
average upriver, in the Opekiska pool, than in downriver locations, 42% and 27 % respectively.
This increase in the proportion of sheets co-occurs with a decrease in the mean number of
microplastics found in smallmouth bass and comes from a shift in the amount of other plastic
types (fiber, foam, and fragment), specifically fluctuations in fragments and fibers. Fibers are
most abundant in the Morgantown Pool for smallmouth bass and compose 41% of the
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microplastics found. In the Point Marion and Opekiska Pool, fibers only compose 25% and 27%
respectively. Fragments composed 47% of the microplastic found in smallmouth bass in the
Point Marion Pool and were the dominant plastic found. Fragments also exhibited a higher range
and average plastic count in the Point Marion Pool.
Largemouth bass and spotted bass do not display the same patterning of microplastic
composition and abundances by shape (Table 3). Instead, largemouth, and spotted bass
demonstrated an increase in the average percent composition of sheets in the Morgantown Pool
and lower compositions above and below in the Opekiska and Point Marion Pools. Foam
exhibits similar patterning when average percent composition is examined. Largemouth bass see
peaks of foam contribution in the Point Marion Pool, 71%, and it decreases moving upstream to
37% in the Morgantown Pool and increases in the Opekiska Pool to 50%. This corresponds to
similar fluctuations in the range and mean count. Patterning of fiber and fragment consumption
then diverges for the two species. Shifts in spotted bass appear to be a byproduct of changes in
the number of other shapes and potentially shifts in the range found. In both species the mean
count of fragments and fibers remains low, ≤ 11.
When fibers consumed were examined by size, smallmouth bass exhibited larger ranges
of counts in the Morgantown Pool across size ranges than the Point Marion and Opekiska Pool
(Table 4). However, across the three pools, size fractions of fibers in smallmouth bass are evenly
represented. In the Point Marion and Morgantown Pools the range of sizes of fibers found in
largemouth bass are like one another. In Opekiska Pool the range of microplastic counts of fibers
in the 300-212μm and 106-20μm where ranges and average count increase in largemouth bass
(Table 5). Spotted bass display a notably high average composition of fibers in the 106-20μm
range in the Opekiska Pool. Fragments, fibers, and foam display small shifts between pools but
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similar patterning (Table 4, 5 & 6). When foam is examined by size, largemouth and smallmouth
bass exhibit even average composition of sizes. Patterning of higher ranges and averages in the
Point Marion and Opekiska Pools are held, with no single size fraction dominating (Table 5).
Overall, smaller size fractions of fragments appear to be consumed by black bass more often than
larger (Table 6). Sheet consumption by size is highest in smallmouth bass in size fractions >500212μm in the Opekiska Pool but higher in the smaller size fractions, 212-20μm, in the
Morgantown Pool demonstrating uneven accumulation of sizes (Table 7). This is most notable in
smallmouth bass where the 212-20μm size fraction have a higher average composition, of the
total microplastics found within that species, exhibit higher averages per individual, and larger
ranges. The 106-20μm size fragments exhibit larger ranges for largemouth and spotted bass
when compared to the other size fractions. Similar increases in the smaller size fractions are
demonstrated in all pools and black bass species 212-20μm size fraction (Table 5).
Quasi Poisson general linearized models and comparisons determined within species a
series of correlations between total counts by shape and location (Table 8). Overall, the three
species displayed differences between pools suggesting that species consumption of
microplastics changes over small spatial scales. Total microplastic count was significantly
different (p<0.05) between largemouth bass caught in the Point Marion Pool and largemouth
bass caught in the Morgantown Pool (Table 8). Largemouth bass in the Morgantown Pool
displayed higher total microplastic counts (Table 3). Largemouth bass did not exhibit significant
relationships between plastic shape totals and pool location. Smallmouth bass exhibited three
intraspecies correlations between pools sampled and total by shape but did not exhibit
intraspecies differences in total microplastic count by pool. There were significant differences in
the number of fibers and fragments found in the digestive tract of smallmouth bass from the
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Point Marion Pool and the Morgantown Pool (Table 8). Fibers were higher in the Morgantown
Pool than the Point Marion Pool while fragments were lower. The Opekiska and Morgantown
Pool were also significantly different in the number of fibers smallmouth bass consumed.
Morgantown Pool had lower fiber counts in the digestive tract than the Opekiska Pool (Table 3).
Spotted bass consumption of microplastics was not significantly different for total count of
microplastic but was significantly different for total count of sheets. Point Marion Pool was
significantly different from the Morgantown Pool in consumption of sheets. Sheet consumption
was higher in the Point Marion Pool than the Morgantown Pool (Table 3).
Total shape-size counts between locations within species express more fine scale
patterns. Smallmouth bass display differing accumulations of fragment and fiber size classes.
Fibers >500μm, fragments 500-300μm and 300-212μm consumption is significantly different
between smallmouth bass in the Point Marion and Morgantown Pool (Table 9). Fibers >500μm
are greater in the Morgantown Pool than the Point Marion Pool (Table 4). Fragments 500-300μm
and 300-212μm were greater in the Point Marion Pool than the Morgantown Pool. Fragment size
>500μm is significantly different in the Opekiska Pool than the Point Marion Pool (Table 6). The
Point Marion Pool smallmouth bass contained more fragments >500μm than the Opekiska Pool
(Table 6). Largemouth bass in the Opekiska and Point Marion Pool were significantly different
in the number of sheets in the 300-212μm size class than the Point Marion Pool, otherwise all
other size classes are consumed similarly between pools (Table 10). There was a small increase
in the prevalence of sheets in Point Marion Pool, largemouth bass than Opekiska Pool.
Significant correlations between pool location and consumption of 212-106μm fragments and
500-300μm and 300-212μm sheets were found in spotted bass (Table 11). Morgantown Pool
spotted bass contained higher counts of sheets in the 500-300μm and 300-212μm size range than
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the Point Marion Pool. Fragments 212-106μm were higher in the Point Marion pool than the
Morgantown Pool (Table 6)
When interspecies microplastic consumption is examined, each pool displayed distinct
differences in microplastic consumed between the species (Table 12). The lack of patterning
repeated between pools suggests that pool distinct consumption is occurring and that differences
between species occur on small spatial scales. In the Opekiska Pool spotted bass were
significantly different in their total microplastic consumption from largemouth bass. Largemouth
bass consumed more microplastic than spotted bass overall (Table 3). When shape is examined,
smallmouth bass were significantly different from spotted bass in their consumption of fibers in
the Opekiska Pool. Smallmouth bass consumed higher quantities of fibers than spotted bass
(Table 3). Additionally, smallmouth bass were significantly different from largemouth bass and
spotted bass in their consumption of sheets, with smallmouth bass consuming more sheets than
the other two species (Table 3 & 12).
In the Morgantown Pool smallmouth bass was significantly different in their total
consumption of microplastics from largemouth and spotted bass (Table 12). Smallmouth bass
consumed more microplastic overall than the other two species (Table 3). When examined at the
shape level, smallmouth bass in the Morgantown Pool were significantly different from the other
bass species in its consumption of fibers and fragments (Table 12). Smallmouth bass consumed
more fibers and fragments than the other two species.
In the Point Marion Pool spotted bass was significantly different from largemouth and
smallmouth in their total microplastic counts. Spotted bass contained less microplastic overall
than the other two species (Table 3). When examined by shape, spotted bass were significantly
different from largemouth bass in foam counts and significantly different from smallmouth bass
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in their sheet counts. Largemouth bass contained more foam and smallmouth bass contained
more sheets than spotted bass (Table 3).
Interspecies differences are elucidated upon when they are examined on a shape-size
basis (Table 13-15). In the Opekiska Pool smallmouth bass was significantly different in the
number of fibers in the 500-300μm size range than largemouth bass. Smallmouth bass on
average contained more fibers of this size range than largemouth bass (Table 4). Sheets display
the highest number of significant relationships in the Opekiska Pool. Smallmouth bass was
significantly different in the number of sheets from largemouth bass in the 500-300μm and 300212μm size range. In the 300-212μm size range of sheets smallmouth bass are also significantly
different from spotted bass.
In the Morgantown Pool across all size fractions smallmouth bass is significantly
different from largemouth bass and spotted bass in their consumption of fibers (Table 14).
Smallmouth bass consumption of fibers across all size classes was larger than the other two
species (Table 6). Smallmouth bass are also significantly different from spotted bass in their
consumption of foam >500μm, with spotted bass consuming more foam (Table 14 & 5). Spotted
bass are also significantly different from smallmouth bass in their consumption of fragments
>500μm, 300-212μm, and 212-106μm. Smallmouth bass consumed more fragments than spotted
bass (Table 5).
In the Point Marion Pool largemouth bass are significantly different from smallmouth
bass and spotted bass in their consumption of foam >500μm, 500-300μm, and 300-212μm (Table
15). Largemouth consumed more foam than the other two species (Table 5). Largemouth bass
was also significantly different from smallmouth bass in their consumption of foam 212-106μm.
Smallmouth bass was significantly different in their consumption of sheets across all size
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fractions from spotted bass. Smallmouth bass exhibited higher consumption across all size
fractions.
Kruskal Wallis tests were run to understand the connection between gut fullness and total
microplastic count and total count by shape to elucidate potential dietary connections. Significant
relationships were found between fullness and location for each species (Table 16). Fullness was
significantly correlated to total microplastic count and total fragment count in smallmouth bass
in the Point Marion Pool. Largemouth bass displayed significant relationships between foam,
fragment and sheet counts in the Opekiska Pool and fullness. A significant relationship was also
identified between largemouth bass fullness and total foam count for the Point Marion Pool.
Spotted bass exhibited significant relationships between total sheet count and fullness in the
Morgantown and Point Marion pools as well as a significant relationship between fullness and
total fragment count in the Morgantown Pool.
Pt. Marion Pool: Seasonal Variation
Examination of seasonal variation in the consumption of microplastic in the Point Marion
Pool demonstrated that averages of total plastics between seasons within species did not vary for
smallmouth bass or largemouth bass with smallmouth bass consuming 58 pieces on average in
fall and 60 pieces on average in spring and largemouth bass consuming 63 pieces in fall and 70
pieces in spring (Table 17). The range of plastic count in smallmouth bass and largemouth bass
did change. Smallmouth bass exhibited a higher range of consumption (5-281 pieces) in fall,
compared to in spring (17-170 pieces) and minimums were higher. Largemouth bass exhibited a
larger range in spring (12-227 pieces) than fall (20-191 pieces) with a higher minimum in fall.
Spotted bass saw an increase in the average number of total plastics within the digestive tract in

74

fall compared to spring, 44 pieces and 27 pieces respectively, with a higher minimum in fall
(Table 17).
Composition shifted notably within species between seasons (Table 17). During fall 2019
smallmouth bass average microplastic consumption consisted of primarily sheets, 33%, and
secondarily of fragments, 42%. In the spring the proportion of fragments increased, 47%, and the
proportion of sheets decreased, 27%. Changes in composition coincided with large changes in
the range exhibited. Sheets ranged from 0-187 pieces in smallmouth bass in the fall and
decreased to 0-48 pieces in the spring. Means however remained similar (24 pieces) in the fall
and (14 pieces) in the spring. Fragments demonstrated an increase in the minimum (6 pieces) in
the spring and exhibited counts as high as 104 pieces compared to a range of 0-86 pieces in fall.
Foam was notably less present in the spring than fall.
In largemouth bass the consumption of plastic consisted primarily of fragments and
sheets, fragments were the most predominant in fall (Table 17). Average fragments consumed
were higher in the fall than the spring, 25 pieces and 6 pieces respectively. Fragments composed
40% on average in the fall samples. In the spring, foam became the most predominant plastic
consumed with a tenfold increase in the average number of foam pieces found and an
approximate tripling of the range found within individuals.
During fall, spotted bass consumed predominantly fragments and fibers, 47% and 33%
respectively. The percent composition and averages of fibers and fragments decrease in the
spring when compared to the fall. In spring spotted bass consume notably more foam (Table 17).
Range of foam consumption expands from 0-5 pieces in the fall to 0-84 pieces in the spring with
an average of 0 pieces increasing to 12 pieces. Foam was 34% of the average composition.

75

When examined by size composition of fiber, spotted bass demonstrated higher average
by size than the other two species (Table 16). All three species demonstrated higher averages and
ranges in the smaller size fractions. Foam demonstrates a relatively even increase in the average
composition of foam by size (Table 18). Size examination of foam demonstrated that counts
uniformly increased in spotted bass and largemouth bass in spring when compared to fall (Table
19). Fragments examined by size demonstrate that in the fall all three species have high average
counts of microplastics between 212-20μm (Table 20). In spring the size fractions are more
evenly distributed on average except for smallmouth bass which continue to have higher average
counts of the 212-20μm size fraction. Proportionally smaller size fractions of fragments compose
more of the total microplastics across seasons. Between species and across size fractions,
smallmouth bass demonstrate higher proportions of sheets and higher averages (Table 21).
Interspecies differences were examined within the Fall 2019 season in the Point Marion
Pool (Table 22). Total microplastic counts were significantly different in spotted bass from
largemouth bass and smallmouth bass. Across seasons, spotted bass consumed less microplastic
overall than the other two species (Table 17). Total sheet count was also significantly different in
largemouth bass than smallmouth and spotted bass. Foam displayed similar patterning with
significant differences between largemouth and the other two species. Intraspecies differences
also occurred in seasonal consumption. Largemouth bass and spotted bass displayed significant
relationships in total microplastic count and total microplastic count by shape between seasons
(Table 23). Largemouth bass demonstrated significantly different counts of foam, fragments, and
sheets in spring than in fall. Foam counts were higher in spring than in fall, while fragments and
sheets were lower (Table 17). Spotted bass displayed significantly different consumption of
fragments and sheets between seasons with less consumed in the Spring (Table 17 & 23).
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When examined by shape-size distribution, largemouth bass displays more relationships
between shape-size than the other two species across seasons (Table 24). Smallmouth bass
displays only a single relationship. Smallmouth bass display a significant difference in the
number of fibers found in the digestive tract between 300-212μm between fall and spring with
more found in the spring (Table 24). Largemouth bass and spotted bass demonstrated significant
correlations between season and size-shape totals of foam. Largemouth bass expressed seasonal
differences in all size classes of foam and spotted bass expressed seasonal differences in the
accumulation of >500 and 500-300μm foam (Table 24). Largemouth bass demonstrated
significant seasonal correlations in the 500-300μm and 212-106μm size range of sheets while
spotted bass only expressed seasonal differences at the 300-212μm size range with both
expressing higher counts in spring when compared to fall (Table 24).
Correlations between fullness and total microplastic and total shape count were run for
spring 2020 and fall 2019 in the Point Marion Pool to determine if consistent relationships
existed across seasons (Table 25). Spotted bass fullness was only correlated with total foam and
the relationship was demonstrated in the fall and spring. Overall total microplastics count in
smallmouth bass were found to correlate with the fullness in fall 2019. Smallmouth bass
demonstrated a significant relationship between fullness and total sheet count across the spring
and fall seasons. It also demonstrated a significant relationship between total fragments found in
the digestive tract and fullness, however only for the spring season. Largemouth bass did not
exhibit any consistent relationships between fullness and total counts across seasons, but there
were correlations between fullness and total sheets in the spring and total fragments in the fall.

Discussion
At the time of writing, this is the first known study to comprehensively analyze the
microplastic total and fractionation by shape and size in sympatric species in riverine systems
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over space and time. This work was inspired by a study conducted on the Brazos River which
related urbanization, diet, and length to microplastic consumption total and by shape in two
sunfish species as well as Barletta et al. (2020) which conducted similar work in coastal and
marine systems (Peters & Bratton, 2016). Overall, the results of this study demonstrate that the
consumption patterns of microplastic between sympatric species is complex and displays spatial
and seasonal variation.
All fish examined contained microplastics. Range of microplastic counts was larger than
what was first hypothesized and highly variable. On the Monongahela River a fish containing a
maximum of 281 particles was sampled. Similarly, large concentrations were found in Great
Lakes fish where a fish was identified with 915 particles (Munno et al., 2021). Brown Bullhead,
Ameiurus nebulosus, White Sucker, Catostomus commersonii, and Common Shiner, Luxilus
cornutus, displayed the highest quantities and largest ranges of microplastic consumption
(Munno et al., 2021). High concentrations in fish collected are further supported by the high
contribution of the Ohio river, the receiving waters for the Monongahela River, to the total
microplastic load of the Mississippi (Scircle et al., 2020). Sampled throughout the fall and/or
spring, our microplastic measures represent a snapshot of the microplastic exposure of these fish
throughout their lifetime which may be subject to life history choices and changes in diet
composition. Largemouth bass, smallmouth bass and spotted bass are also considered generalists
with highly flexible consumption patterns that are environmentally and competitively determined
(Smith & Page, 1969, Pert et al., 2002). Despite their similar ecological classification, dietary
characteristics differed between the three species over relatively small spatial scales. Further
studies should explore the link between population characteristics, diet, and the microplastic
counts derived.
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Within Species Spatial Variation
Across relatively small distances, there was little variation within species for total
microplastics and total microplastics by shape, but significant variation between-species. This is
surprising since the Morgantown and Point Marion pool display different levels of urbanization
compared to the Opekiska Pool and urbanization has been linked to microplastic consumption on
the Brazos River, Central Texas (Peters et al., 2016). Differences could be due to landscape
characteristics such as the development towards the headwater of the Monongahela River and
other development clusters in the watershed.
Patterns of within species variation in microplastic consumption between pools appear to
be species specific, with no clear patterns mimicked between species. This supports the
hypothesis that although these species may be grouped together due to their ecological and
trophic function, their unique species characteristics (habitat residency, life history and variable
diet composition) impact the accumulation within the digestive tract. All three species exhibit
significant shifts in total counts by shape. Shape has been linked to polymer composition (Helm,
2017). The plastic polymer impacts the potential harm due to consumption, the chemical sorption
properties, and their potential leaching into the body (Grigorakis et al., 2018; McNeish et al.,
2018; Rochman 2014). Examining only total microplastic count without detailed examination of
shape, or if possible FTIR chemical identification, may mask the potential harm caused by
ingestion of microplastics.
Changes in the size distribution of microplastic shapes between locations within species
was more pronounced. Smallmouth bass exhibited significant changes in the size composition of
fragments consumed correlated with location and in concert with changes in the percent
composition and percent by number of crayfish within the diet. During fall 2019 the frequency
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of occurrence of crayfish within the diet was ~10% lower than spring 2020, while percent by
number was ~17% higher. Fall 2019 sampling was composed predominantly of younger aged,
age 1, fish while spring 2020 contained fewer smallmouth bass overall but a more even age
distribution. Modeling of total fragment consumption by smallmouth bass demonstrated that age
was a significant predictor of higher fragment consumption overall (Chapter 3). By analyzing
these results without the consideration of age and distribution within the sampling, one may at
first assume connections between crayfish consumption and changes in the size composition of
fragments found. Smallmouth bass however have the potential to display intraspecific habitat
patterns with age which may impact their consumption of microplastics through indirect
mechanisms or the probability that the crayfish they consume contain microplastics (Miranda et
al., 2021). Intraspecific habitat partitioning of smallmouth bass is not known in the Monongahela
River. Fragments have been demonstrated to accumulate in riverine sediments and microplastic
has been shown to accumulate in crayfish in correlation with its presence in aquatic soils (Lv et
al., 2019, Reddy, 2020). Zoobenthivores have been noted to contain more microplastic, but a
causation or correlation relationship has not been established (McNeish et al., 2018; Zheng et al.,
2018). Additionally, it cannot be ruled out that fragments may be ingested both directly and
indirectly by the vacuum created during the predation event as Roch et al. (2020) suggests. The
other bass species exhibited more limited relationships between changes in shape and size. Both
species exhibited higher accumulations of smaller size fractions between locations. Microplastic
size is important not just for its movement in the environment but its movement within the
digestion tract and potential retention time. Currently it is unknown how shape and size of
microplastic particles impact retention time, however the digestive morphology may influence
movement and should be taken into consideration (Roch et al., 2020).
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Landscape effects on the consumption of microplastics cannot be underemphasized in the
freshwater environment. Interspecies variation in accumulation through landscape effects such as
the location of Morgantown and placement of dams is probable. In an urbanized river in Beijing,
China 80% of microplastic was withheld upriver of the dam (Wang et al., 2020). In the context
of this study, that may explain the prevalence of significant fragment relationships centered
around Morgantown, since the denser plastic, typically tire dust in freshwater environments, may
be held within the pool and stored within the sediments (Hoellein et al., 2017). Lighter shapes
such as sheets and fibers demonstrate interspecies variation downstream of the Morgantown pool
like the urbanization impacts that have been noted downstream of urban centers (Peters &
Bratton, 2016).
Spatial Variation between Black Bass Species
Interspecies variation within pools was much more pronounced and suggests that the
structure of the aquatic community may play a role. Total length was not significantly different
between or within pools of each species. Size structures were also not significantly different
between species. Similar representation of sizes mitigates the impact of the sample population.
Lack of representation of larger fish is representative of the system overall and is a limitation of
examining microplastic consumption in situ (Brown, 2022). It is suggested that in future studies
length, and if possible, age data, are provided so that species ecology can be incorporated into
our understanding of microplastic trophodynamics.
The Morgantown and Point Marion Pool demonstrated several significant relationships
correlated with location for total microplastics and total by shape. The high prevalence of
interspecies differences correlates with the direct presence of development in the area. Similar
interspecies variation has been noted in planktivorous fish in marine environments without
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incorporating habitat characteristics (Lopes et al., 2020). The variation in the Lopes et al., (2020)
study was attributed solely to diet. Variability expressed in the interspecies differences in our
study suggests bioavailability may shift even in relatively small spatial scales. The developed
area around Morgantown is split by the Morgantown Lock and Dam, potentially altering
movement and accumulation resulting in differences in bioavailability and the expressing of
interspecies differences in consumption. Other differences may be attributed to the quality and
quantity of the habitat provided and the aquatic community. Unlike their marine counterparts,
riverine environments are subject to gradual changes in habitat conditions from the headwaters to
the mouth of the stream (Doretto et al., 2020). Potentially analyzing microplastic accumulation
and consumption in relation to the riverine concept may provide insight to shifts over relatively
small spatial scales.
Spotted bass and largemouth bass differ in some respects but appear to be more like one
another than either is to smallmouth bass. Both species are significantly different from
smallmouth bass in their consumption of sheets in the Opekiska Pool, and fibers in the
Morgantown Pool. This patterning becomes more pronounced when examined on a shape-size
basis. These similarities may be attributed to their tendency to occupy the same habitat and
demonstrate similar life history patterns (Goclowski et al., 2013; Pope et al., 2004; Godbout,
2009). This patterning disappears in the Point Marion Pool when examined at a size-shape level.
In the Point Marion Pool, smallmouth bass exhibit significant differences in the consumption of
sheets of various sizes from spotted bass. Spotted bass display less reliance on fish when
examined by frequency of occurrence, 21.43%, than smallmouth bass, 43.24%, in the Point
Marion Pool and display lower percent by number in their diet during Fall 2019. This suggests a
dietary link to sheet consumption; however, this must be explored for additional seasons and
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years. Development of a method that would allow the extraction of small microplastics from the
stomach and tracking of fish behavior would benefit the understanding of correlation and
causation in microplastic consumption.
Seasonal Variation within Black Bass
Seasonal variation in the concentrations of microplastic in freshwater is an accepted
principle that has been acknowledged, but not explored, concerning fish consumption of
microplastic (Van Emmerik et al., 2019; Van Emmerik & Schwarz, 2020). In the Liangfeng
River, China, Xia et al. (2021) found that seasonal events impacted the distribution and settling
rates of microplastic in the system. Additionally, black bass species demonstrate distinct
behavioral characteristics during the spring due to spawning that may alter their consumption
patterns. Despite this, interspecies variation in fall 2019 is not distinct from spring 2020. Some
interspecies differences carried between fall 2019 and spring 2020. For example, total
microplastics remained significantly different between smallmouth bass and spotted bass
between fall and spring. Additionally, differences between largemouth bass and the other species
in their consumption of foam carried between seasons. An understanding of environmental
concentrations is needed over longer periods of time, but this may suggest interspecies
differences in their microplastic acquisition that is not dependent wholly on bioavailability since
concentrations within the system are expected to shift with season. Instead, it may rely on a more
constant mechanism between seasons such as habitat partitioning or species distinct behavioral
patterns. Intraspecies differences between seasons consisted primarily of foam and fragment
counts for largemouth bass which occurs in concert with an increase in the percent frequency of
crayfish in the diet. Fullness was also correlated with total foam consumption in spotted bass and
total sheet consumption in smallmouth bass. Spring black bass demonstrated more correlations
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between fullness than fall. Further study of seasonal concentrations relative to black bass habitat
occupancy would assist in an understanding of seasonal patterning.
Overall, this study’s findings further support the need for a more comprehensive
understanding of uptake mechanisms of microplastic in fish and a reevaluation of the emphasis
on biomagnification. Analysis of total microplastics alone is not enough. Repeatedly this study
demonstrated that the behavior of microplastic consumption changes depending on the scale it is
examined. Due to this, results must be interpreted carefully since shape and shape-size impact
the movement dynamics of microplastic particles through the water and potentially the organism.
Our findings agree with Rochman et al., (2019) which calls for a rethinking of microplastic as a
complex diverse contaminant suite by demonstrating complex interactions with black bass
species and their ecology. No pollution is not the solution in many circumstances, and it likely
impossible to completely remove plastics from the environment even if production halted
tomorrow. As a result, identifying and mitigating the most dominant plastic types on the most
vulnerable portions of a population is a goal management can work towards. Finally, repeated
sampling of fish populations is needed with comprehensive reporting of the sample populations
to begin to quantify the realized risk to these populations. This requires federal and state agencies
to begin to give freshwater microplastic the same focus that its marine counterpart has received.
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Figures

Figure 1. Site map of Monongahela River, WV sampling sites. The Monongahela River runs
North through the urban city of Morgantown. The Opekiska Pool starts in the head waters of the
Monongahela until the Opekiska dam. The Morgantown Pool spans from the Hildebrand Dam to
the Morgantown dam and the Point Marion Pool spans from the Point Marion Dam until the
Morgantown Dam. The urban sprawl along the river is demonstrated in shades of red with the
intensity of development changing with the shade of red.
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Figure 2. Discharge at the Elizabeth, PA USGS station during Fall 2019 sampling which
indicates flow conditions were below the 88-year average on the Monongahela River for
extended periods of time potentially concentrating microplastic pollution (Wickasono et al.,
2021).
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Figure 3. Discharge at the Elizabeth, PA gauge station during the sampling period of spring 2020
on the Monongahela River. Flow conditions were below the 88-year average prior to April 11th
representing a potential concentration event of microplastics in the Monongahela, like what was
seen on the Tallo River (Wickasono et al., 2021). Around April 11th flow conditions surpassed
the average potentially signifying a flushing event, specifically in late April when conditions
continue to be above 30,000 cubic feet per second.
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Figure 4. Length frequency of Spring 2020 black bass by pool in the Monongahela River, WV,
binned by 50mm bins with sizes ranging from 75-600mm.

92

Figure 5. Length frequency of black bass between seasons binned by 50mm bins for spring and
fall in the Point Marion Pool, Monongahela River, WV.
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Tables
Table 1. Number of fish caught by species by pool in spring 2020 and fall 2019. Additionally,
frequency of prey consumed in the Point Marion Pool, Morgantown Pool and Opekiska Pool,
Monongahela River, WV. Dashes indicate zeros.
Pool

Season

Opekiska

Spring

Morgantown

Spring

Point Marion

Spring

Point Marion

Fall

Species
Smallmouth Bass
Largemouth Bass
Spotted Bass
Smallmouth Bass
Largemouth Bass
Spotted Bass
Smallmouth Bass
Largemouth Bass
Spotted Bass
Smallmouth Bass
Largemouth Bass
Spotted Bass

N
11
17
9
17
12
20
14
13
15
37
27
28

% Fish
66.7
58.3
44.0
77.0
12.0
80.0
100.0
38.0
59.3
51.4
33.3

% Macroinvertebrate
25.0
25.0
16.0
72.0
3.7
-

% Crayfish
8.3
16.7
100.0
40.0
23.0
16.0
20.0
62.5
37.0
48.6
66.7

% Empty
45.5
52.9
55.6
17.7
41.7
55.0
35.7
38.5
46.7
37.8
22.2
42.9
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Table 2. Percent by number of prey items consumed by black bass species during spring 2020
and fall 2019. Upstream in the Opekiska pool, spotted bass demonstrate exclusive consumption
of crayfish. Further downstream, in the Morgantown and Point Marion pools, spotted bass
incorporate fish into the diet, but continue to have lower percent by number than the other two
black bass species. Largemouth bass display the highest percent by number consumption of fish
in all pools except the Opekiska. Dashes indicate zeros.

Pool
Opekiska

Morgantown

Point Marion

Point Marion

Season
Spring

Spring

Spring

Fall

Species
Smallmouth Bass
Largemouth Bass
Spotted Bass
Smallmouth Bass

% Fish % Macroinvertebrate % Crayfish
66.7
58.3
-

25.0
24.7
-

8.3
17.0
100

44.0

16.0

40.0

Largemouth Bass

76.9

-

23.0

Spotted Bass

12.0

72.0

16.0

Smallmouth Bass

80

-

20

Largemouth Bass
Spotted Bass

100

-

-

37.5

-

62.5

Smallmouth Bass

52.3

3.7

37

Largemouth Bass

51.4

-

48.6

Spotted Bass

33.3

-

66.7
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Species
Smallmouth Bass
Largemouth Bass
Spotted Bass
Smallmouth Bass
Largemouth Bass
Spotted Bass
Smallmouth Bass
Largemouth Bass

Range

Mean

Range

Mean

Range

Mean

Range

Mean

Range

Mean

Range

Mean

Range

Mean

Range

Mean

Range

Mean

7 - 52

24

22-165

57

12-101

44

7- 76

31

11 - 75

37

16-110

54

5-102

27

12-227

69

17-170

60

Total Plastics

3 - 14

7

0-27

11

0-30

12

0-14

5

0-13

4

6 - 65

23

0-29

9

4 - 18

8

3 - 29

15

Fibers

0-27

7

0-149

29

0-0

0

0-52

8

0-45

13

0-5

1

0-84

12

0-205

50

0-3

0

Foam

0-7

3

0-113

11

0-41

14

0-13

3

0-15

4

3 - 38

15

0-75

10

0-33

6

6-104

28

Fragments

0-12

4

0-31

7

1 - 60

18

0-56

15

3 - 53

14

2 - 60

17

0-24

4

0-16

6

0-48

16

Sheets

33

19

27

16

11

41

26

11

25

% Fibers

33

50

0

26

37

2

34

71

0

% Foam

14

19

32

10

11

27

29

9

47

% Fragments

19

12

41

48

40

30

11

9

27

% Sheets

Table 3. Summary statistics for total microplastic counts and microplastic counts by type during spring 2020, Monongahela River.
Percent composition was calculated for the average individual, average total shape count divided by the sum of the average total
counts of each shape type. Smallmouth bass display higher mean consumption of total plastics for all pools except the Opekiska
pool, where Largemouth has a higher mean total microplastic consumption. Ranges of microplastics consumed are highest in the
Point Marion pool, where development levels are the highest. Consistently smallmouth bass demonstrated low percent
composition of foam in the diet while spotted bass and largemouth bass, which are found in similar habitat reaches within the
river, demonstrate higher percent compositions.
Pool

Point Marion

Morgantown

Opekiska

Spotted Bass
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Table 4. Summary statistics for fiber by size during spring 2020, Monongahela River. Percent composition was calculated for the
average individual, average total shape by size count divided by the sum of the average total counts of each shape type. Consistently
all size classes of fragments made up a higher proportion of microplastic consumption in smallmouth bass than largemouth of
spotted bass in all pools. Largemouth bass and spotted bass demonstrate even consumption of the size classes except for in the
Opekiska pool where there is an increase in the representation of the 106-20μm.
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Table 5. Summary statistics for foam by size during Spring 2020, Monongahela River. Percent composition was calculated for
the average individual, average total shape by size count divided by the sum of the average total counts of each shape type. In
the Point Marion pool largemouth bass are demonstrate higher percent composition of foam through all size classes than the
other pools. Largemouth bass consistently display higher consumption of foam than the other two species except for in the
Opekiska pool.
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Table 6. Summary statistics for fragment by size during Spring 2020, Monongahela River. Percent composition was calculated for
the average individual, average total shape by size count divided by the sum of the average total counts of each shape type.
Generally, smaller fragments made up a higher proportion of the total microplastic consumed than larger fragments across all three
species.
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Table 7. Summary statistics for sheet by size during Spring 2020, Monongahela River. Percent composition was calculated for the
average individual, average total shape by size count divided by the sum of the average total counts of each shape type.
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Table 8. Model parameters for comparisons of within species variation between pools (OP,
Opekiska; MN, Morgantown; PM, Point Marion) of total microplastic consumption and
consumption by shape on the Monongahela River. R2 values reported are McFadden’s pseudo R2
values, where the range of a well-fitting model is 0.2 – 0.4. Dashes indicate non-significant
comparisons.
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Table 9. Model parameters for comparisons of within species variation between pools (OP,
Opekiska; MN, Morgantown; PM, Point Marion) of consumption by shape and size for
smallmouth bass on the Monongahela River. R2 values reported are McFadden’s pseudo R2
values, where the range of a well-fitting model is 0.2 – 0.4. Dashes indicate non-significant
comparisons.
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Table 10. Model parameters for comparisons of within species variation between pools (OP,
Opekiska; MN, Morgantown; PM, Point Marion) of consumption by shape and size for
largemouth bass on the Monongahela River. R2 values reported are McFadden’s pseudo R2
values, where the range of a well-fitting model is 0.2 – 0.4. Dashes indicate non-significant
comparisons.
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Table 11. Model parameters for comparisons of within species variation between pools (OP,
Opekiska; MN, Morgantown; PM, Point Marion) of consumption by shape and size (μm) for
largemouth bass on the Monongahela River. R2 values reported are McFadden’s pseudo R2
values, where the range of a well-fitting model is 0.2 – 0.4. Dashes indicate non-significant
comparisons.
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Table 12. Between species (SMB, smallmouth bass; LMB, largemouth bass; SPB, spotted bass)
variation within pools of consumption by total microplastic and shape counts on the
Monongahela River. R2 values reported are McFadden’s pseudo R2 values, where the range of a
well-fitting model is 0.2 – 0.4. Dashes indicate non-significant comparisons.
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Table 13. Between species (SMB, smallmouth bass; LMB, largemouth bass; SPB, spotted bass)
variation within the Opekiska pool of consumption by shape and size on the Monongahela River.
R2 values reported are McFadden’s pseudo R2 values, where the range of a well-fitting model is
0.2 – 0.4. Dashes indicate non-significant comparisons.
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Table 14. Between species (SMB, smallmouth bass; LMB, largemouth bass; SPB, spotted bass)
variation within the Morgantown pool of consumption by shape and size (μm) on the
Monongahela River. R2 values reported are McFadden’s pseudo R2 values, where the range of a
well-fitting model is 0.2 – 0.4. Dashes indicate non-significant comparisons.
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Table 15. Between species (SMB, smallmouth bass; LMB, largemouth bass; SPB, spotted bass)
variation within the Point Marion pool of consumption by shape and size on the Monongahela
River. R2 values reported are McFadden’s pseudo R2 values, where the range of a well-fitting
model is 0.2 – 0.4. Dashes indicate non-significant comparisons.
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Table 16. Kruskal Wallis tests were run to determine correlations between fullness and total
microplastic and total shape counts to elucidate potential dietary connections with microplastic
totals. Values are listed with p-values first and Chi-Squared values second. Dashes indicate nonsignificant comparisons.
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Table 17. Summary statistics of total plastic counts and plastic counts by shape in the Point
Marion, Monongahela River during Fall 2019, and Spring 2020. Percent composition was
calculated for the average individual, average total shape count divided by the sum of the
average total counts of each shape type. Foam composed a higher proportion of the microplastic
consumed in the spring than the fall. Fragments were more evenly represented in the fall than the
spring.
Season

Species
Smallmouth Bass

Fall

Largemouth Bass
Spotted Bass
Smallmouth Bass

Spring Largemouth Bass
Spotted Bass

Mean
Range
Mean
Range
Mean
Range
Mean
Range
Mean
Range
Mean
Range

Total Plastics
58
5 - 281
63
20 - 191
44
11 - 153
60
17 - 170
70
12 - 227
27
5 - 102

Fibers
10
0 - 37
12
3 - 24
14
2 - 86
15
4 - 18
8
4 - 18
9
0 - 29

Foam Fragments Sheets % Fibers % Foam % Fragments % Sheets
4
19
24
0 - 68
0 - 86
0 - 187
18
7
33
42
6
25
20
0 - 123
0 - 81
0 - 45
19
10
40
32
0
20
9
0-5
0 - 139
0 - 39
33
0
47
21
0
28
16
0-3
6 - 104
0 - 48
25
0
47
27
50
6
6
0 - 205
0 - 33
0 - 16
11
71
9
9
12
10
4
0 - 84
0 - 75
0 - 24
26
34
29
11

110

SPECIES
Smallmouth
Bass
Largemouth
Bass
Spotted Bass
Smallmouth
Bass
Largemouth
Bass

Mean
Range
Mean
Range
Mean
Range
Mean
Range
Mean
Range
Mean
Range

Total
Plastics >500 μm 500-300 μm 300-212 μm 212-106 μm 106-20 μm % >500 μm % 500-300 μm % 300-212 μm % 212-106 μm
58
1
2
2
2
3
2
3
3
3
5-281
0-16
0-8
0-8
0-9
0-16
63
2
2
2
2
4
3
3
3
3
20-191
0-11
0-7
0-10
0-7
0-20
44
3
3
3
2
4
9
9
9
6
11-153
0-54
0-13
0-10
0-8
0-11
60
1
3
4
3
3
2
5
7
5
17-170
0-6
0-9
0-7
0-7
0-11
70
2
1
1
1
3
6
3
3
3
12-227
0-5
0-3
0-5
0-4
0-9
27
1
2
1
1
3
3
6
3
3
5-102
0-10
0-9
0-6
0-4
0-9

10

9

5

11

6

5

% 106-20 μm

Table 18. Summary statistics of total fiber counts by size in the Point Marion, Monongahela River during Fall 2019, and
Spring 2020. Percent composition was calculated for the average individual, average total shape and size count divided by the
sum of the average total counts of each shape type.

SEASON

Fall

Spring
Spotted Bass
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Table 19. Summary statistics of total foam counts by size in the Point Marion, Monongahela River during Fall 2019, and Spring 2020.
Percent composition was calculated for the average individual, average total shape and size count divided by the sum of the average
total counts of each shape type. Foam makes up a relatively small fraction of the total microplastic count in largemouth bass and
spotted bass in the fall of 2019, compared to Spring 2020
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Table 20. Summary statistics of total fragments counts by size in the Point Marion, Monongahela River during Fall 2019, and
Spring 2020. Percent composition was calculated for the average individual, average total shape and size count divided by the sum
of the average total counts of each shape type. Smaller sizes continue to compose higher proportions of the microplastic consumed
across seasons.
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Table 21. Summary statistics of total sheet counts by size in the Point Marion, Monongahela River during Fall 2019, and Spring
2020. Percent composition was calculated for the average individual, average total shape and size count divided by the sum of the
average total counts of each shape type.
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Table 22. Correlations between season and the total microplastic count and microplastic count by
shape for each species in the Pt. Marion Pool, Monongahela River, WV, fall 2019. R2 values
reported are McFadden’s pseudo R2 values, where the range of a well-fitting model is 0.2 – 0.4.
Dashes indicate non-significant comparisons.
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Table 23. Correlations between season by microplastic count and shape count for each species in
the Pt. Marion Pool, Monongahela River, WV, fall 2019. R2 values reported are McFadden’s
pseudo R2 values, where the range of a well-fitting model is 0.2 – 0.4. Dashes indicate nonsignificant comparisons.
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Table 24. Correlations between season and microplastic count by shape and size for each species
in the Pt. Marion Pool, Monongahela River, WV. R2 values reported are McFadden’s pseudo R2
values, where the range of a well-fitting model is 0.2 – 0.4. Dashes indicate non-significant
comparisons.
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Table 25. Correlations between fullness and the total count of microplastic and shape for Fall
2019 and Spring 2020 in the Point Marion pool, Monongahela River, WV. Dashes indicate nonsignificant comparisons.

Smallmouth Bass
Spring
p-value; Chi-Squared
Total
0.004 ; 10.945
Fibers
Foam
Fragment
0.001 ; 13.289
Sheet

0.002 ; 12.154

Fall
p-value; Chi-Squared
Total
Fibers
Foam
Fragment
Sheet

0.026 ; 7.327

Largemouth Bass
Spring
p-value; Chi-Squared
Total
Fibers
Foam
Fragment
Sheet
0.002 ; 12.154

Fall
p-value; Chi-Squared
Total
Fibers
Foam
Fragment
0.029 ; 7.084
Sheet
-

Spotted Bass
Spring
p-value; Chi-Squared
Total
Fibers
Foam
0.010 ; 9.272
Fragment
Sheet
-

Total
Fibers
Foam
Fragment
Sheet

Fall
p-value; Chi-Squared
0.033 ; 6.820
-
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Appendix
Tables
Table 1. Transfer contamination measured for each sieve (n = 35).
Total Plastics
>500 μm
500-300 μm 300-212 μm

Mean

8

2

1

2

212-106 μm

106-20 μm

2

1
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Table 2. Stringent contamination protocol was followed to minimize potential addition of
microplastics into the sample. Below lists the type of control (ethanol, UltraPure water,
Whirlbags, or air), the number of samples processed and the mean contamination. Ethanol and
Ultrapure water contamination were measured by subsampling from stock used for processing
and then subjecting those subsamples to the procedure. Whirl-Pak bag contamination was
measured by adding 50 mL of Ultrapure water to unused Whirl-Pak bags, agitating and
processing. Air contamination was run in parallel with microplastic samples to measure the aerial
contamination. Contamination was low and consisted only of fibers.
Control
Samples Mean
Ethanol
30
1
UltraPure Water
39
6
Whirlbags
30
2
Air
400
1
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Chapter 3
Can microplastic consumption be explained by diet in sympatric species?

Abstract
Researchers studying microplastics and fisheries have historically been highly focused on
the topic of trophic transfer and feeding guild impact on microplastic counts within fish. Results
have been varied and conflicting between studies, and major gaps exist in the understanding of
their application in riverine environments. Using Quasi Poisson modeling, forward regression
and QAIC of population and dietary characteristics of sympatric black bass species, smallmouth
bass, Micropterus dolomieu, largemouth bass, Micropterus salmoides, and spotted bass,
Micropterus punctulatus, and their consumption of microplastic shapes, this study explores if
similarities exist within feeding guild or if finer resolution analysis is needed to understand
microplastic consumption. Additionally, this study assesses the importance of population
characteristics (length, weight, age, and sex) and diet (abundance of fish, crayfish, and other
macroinvertebrates) correlate with microplastic counts by shape, a proxy for polymer type and a
more hydrodynamically relevant metric. This study determines that variation in counts of fiber,
fragment, and sheet microplastic shapes consumed correlate with population characteristics.
Forward regression demonstrates that dietary models are improved upon when including
population characteristics metrics. This study also determines that microplastic counts by shape
within species are explained by different models suggesting that previous studies where total
microplastic consumption is modeled without shape analysis may be biased by microplastic
composition. Models of consumption differ between black bass species suggesting that
reservations should be made when examining species by feeding guild. Finally, the study finds
that the composition of total microplastic changes between species, which suggests that uneven
sampling of species or species assemblages that represent a feeding guild may further impact the
derived relationships.
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Scientific Significance Statement
Microplastic pollution is an emerging threat which has sparked a new field of
microplastic ecology. One of the main questions explored in microplastic ecology today is, “how
does feeding guild impact microplastic accumulation?” This study finds evidence to support that
feeding guild analysis may be too coarse of a metric and biased by species and species
characteristics through exploratory Quasi Poisson modeling, forward regression and QAIC.
Additionally, this study finds evidence to support those sympatric black bass species interactions
between population characteristics (length, weight, age, and sex) and diet (abundance of fish,
crayfish, and other macroinvertebrates) provide more insight into microplastic consumption than
diet alone.

Introduction
It has been identified that in the riverine space, what, where and when you sample greatly
influence the level of microplastic contamination found (Woodward et al., 2020). Microplastic is
an emerging contaminant that has been found ubiquitously in aquatic environments in varying
concentrations (Vince & Hardesty, 2018). Microplastics are defined as any plastic particles under
5 mm in length (Estahbanati & Fahrenfeld, 2016). River cleanup projects tend to be aimed at
meso and macro plastic items. However, in the San Gabriel Rivers, Los Angeles, California it
was found that microplastic abundance was three times higher by mass and 16 times higher by
number than meso and macro plastic with 30 metric tons of plastic carried in a 72-hour time
frame (Vaid et al., 2021). Rivers act as massive vectors of microplastic movement, as well as
storage reservoirs with spatial and temporal patterns of accumulation resulting as an interaction
between the plastic polymer type, hydrology, and the landscape (McNeish et al., 2018; Hoellein
et al., 2019; Wicaksono et al., 2021). The study of microplastics has key research gaps in how
microplastic impact riverine ecosystems as it moves through the system and how fisheries
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ecology interacts with this sizable, ubiquitous pollutant. Consumption of microplastics has been
acknowledged in a wide variety of fish species but focus on riverine fish in situ has been limited
(Zheng et al., 2018).
Freshwater fish already face a bevy of threats, including climate change, urbanization,
homogenization of habitat, and high rates of extinction, and now face the impending threat of
microplastic pollution. Microplastic pollution is a concern because it is a compounding and
unquantified stressor with unknown ecological consequences (Warren & Burr, 1994; Ricciardi &
Ramussen, 2001). Microplastic is not a singular entity. It is composed of a wide array of
polymers with additives such as coupling agents, plasticizers, colorants, stabilizers, lubricants,
and flame-retardants (Jovanoic, 2017). The type of polymer and chemical additives will
differentially impact an organism due to the chemical properties of the polymer and its additives.
Generally, the consumption of microplastic is detrimental to the digestive tract because it causes
sublethal damage. Damage includes symptoms such as irritation to the stomach and intestines,
tissue damage, and feelings of false satiation, impacting the individuals’ energy intake (Bellasi et
al., 2020). Additives have the potential to leech from microplastic particles over time, having
their own deleterious impacts on the fish (Jonvanoic, 2017). Fish are typically consuming a
particle suite, and like taking multiple medications at once, each will have its own effect and
potential interaction with one another. Microplastics have also been shown to absorb and
transport polychlorinated biphenyls (PCBs), persistent organic pollutants (POPs),
polybrominated diphenyl ethers (PBDEs), metals, bacteria, and other pathogens into aquatic life
(Bellasi et al., 2020). Microplastics’ vector capacity and impact are debated and are dependent
on the characteristics of the plastic polymer type, size, and the environment (Hartmann et al.,
2017). Microplastic can also serve as a vector of disease such as Vibrio sp., Aeromonas sp.,
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Pseudomonas sp., and Ostreopsis sp. (Vaid et al., 2021). Shape and size of the particle plays a
role in the movement through the digestive tract, the impact on the organism and its ability to
translocate (Kim, 2020; Sales-Ribero et al., 2020; Roch et al., 2021). Smaller microplastics have
the potential to cross the intestinal barrier, translocating into other tissues in juvenile and adult
fish (Kim, 2020; Mcllwraith et al., 2021). In larval fish, nano and micron sized polystyrene
microspheres were shown to translocate through the epidermis of goldfish into the muscle tissue
(Yang et al. 2020).
Consumption of microplastic is theorized to occur either directly or indirectly. Direct
consumption of microplastic occurs when the fish misidentifies a microplastic particle as prey
and consumes it (Roch et al., 2020). Evidence of this has been found in amberstripe scad,
Decapterus muroadsi, which consumed blue microplastic similar in appearance to their natural
prey, a blue copepod species (Ory et al., 2017). Indirect consumption occurs when the fish
consumes a piece of microplastic while performing regular activities, consuming a prey item, or
through biomagnification (Roch et al., 2020). Research concerning microplastic accumulation in
fish has primarily focused on potential biomagnification and trophic transfer (Provencher et al.,
2019; Hasegawa et al., 2021). However, correlations between microplastic count and feeding
guilds have been inconclusive and contradictory (Vendel et al., 2017; McNeish et al., 2018;
Andrade et al., 2019). Indirect consumption through accidental ingestion has not been the focus
of most research, though recognition is growing. In lab experimentation, Bowen et al., (2021)
found that fiber ingestion occurred passively in largemouth bass, Micropterus salmoides, and
that regurgitation of fibers occurred less often in the presence of food. Roch et al. (2020)
theorized that small particles could also be ingested with water. Through experimentation they
found that visual and chemosensory foragers consume microplastic particles passively and find
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that fish size, the presence of food, and microplastic concentrations impact the accumulation of
microplastic in the digestive tract (Roch et al., 2020). This was further supported by SalesRibeiro et al. (2020) which found that 1-5µm particles were ingested without food or fish oil.
Sympatric species, defined as closely related species that display similar ecological roles,
overlap in distribution, and consume similar prey types and therefore have the potential to
provide a unique perspective on microplastic consumption by addressing questions about species
similarity and what it means when studies are making assumptions about feeding guild. This
study explores microplastic consumption from a fisheries ecology perspective. It analyzes the
interplay between species, population characteristics, diet, and shape of microplastic consumed.
Population characteristics encompass length, weight, age, and sex. Diet is measured in the
abundance of fish, crayfish and other macroinvertebrates, hereafter macroinvertebrates, in the
diet. It begins to explore the question: “do ecologically similar species display the same
relationships between microplastic consumed and population characteristics justifying the
analysis of broad trophic categories?” This study also aims to determine if diet alone is enough to
explain the variation in microplastic observed within the digestive tract, or if incorporation of
population characteristics better explain microplastic consumption. Studies often lump fish
together by generalized feeding categories such as benthivore, piscivore, omnivore, etc.
However, this may be too coarse of a metric without accounting for potential ontogenetic shifts
in habitat and diet. In this study we use commonly studied black bass species, smallmouth,
Micropterus dolomieu, largemouth, and spotted bass, Micropterus punctulatus, in a small
sympatric environment to determine if generalizations can be made about patterns of
microplastic consumption. It is predicted that the same relationships will not be seen between
species. It is hypothesized that although ecologically similar and sympatric, the black bass from
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the Monongahela River, WV will display differences in the relationships between microplastic
shape and demographics due to differences in life history and life history variation. Habitat
residency in combination with species’ traits are predicted to alter the risk factor for microplastic
uptake because the quantity present and type of microplastic may shift, interplaying with species
characteristics to generate the observed quantity. For example, largemouth bass as adults tend to
occupy vegetated habitats with cover characterized by slower moving water, while smallmouth
bass tend to live in faster running cobble bottom portions of the stream (Long & Fisher, 2000;
Miranda et al., 2021). Even if both consumed a crayfish, their risk factor for consuming any
specific microplastic shape directly or indirectly may change based on velocity and its effect on
settlement. Age and sex are proxies for habitat residency because differences in residency of
juvenile and adult black bass have been noted (Miranda et al., 2021).
Forward regression and Akaike Information Criterion are used to differentiate between
microplastic accumulation that occurs through indirect and direct consumption processes and
determine potential diet shifts that occur with changes in population characteristics. Within a
species, direct consumption should correlate with prey items and their abundances in the dietary
tract while indirect consumption due to habitat would only be indicated by population
characteristics. A combination of the two may suggest that ontogenetic changes impact
consumption.

Methods
The Monongahela River is a tributary of the Ohio River, which contributes the highest
load of microplastic to the Mississippi River, ~83 microplastics per liter (Scircle et al., 2020).
The Monongahela River encompasses 6 HUC 8 watersheds and three of which contribute to this
study area: the Tygart Valley, West Fork, and Monongahela (Richards, 2012). The Pt. Marion
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pool receives contributions of pollution from Morgantown, WV the second largest city in the
state and is a potential direct input of microplastic into the system through wastewater treatment
plants and street runoff (Figure 1). During fall 2019 discharge in the Monongahela River was
lower than the 88-year average with periodic but frequent recharge events (Figure 2).
During fall 2019, fish were collected from the Pt. Marion Pool, Monongahela River, WV
via nighttime boat electrofishing conducted by the West Virginia Division of Natural Resources
and provided fresh or frozen. Fish were processed at West Virginia University according to the
sample processing and contamination methodology in Chapter 2 for microplastic within the
digestive tract. Summary statistics (mean, max and minimum) for total plastic count, count by
shape (fiber, foam, fragment, and sheet) and count by shape and size (e.g., total count >500μm
fiber, total count 500-300μm fiber, total count 300-212μm fiber, 212-106μm fiber and 106-20μm
fiber) as well as diet are reported in Chapter 2 and are included in the Appendix.
Dietary analysis was conducted broadly between crayfish, macroinvertebrates and fish
consumed. This resolution was chosen because it reflects the dietary classification level at which
fish are assigned. The relative percent of frequency of occurrence (Fi) was calculated according
to the equation:
%Fi = (F/Ft) *100
Where F is the number of stomachs containing the food item, and Ft is the total number of
stomachs examined (Barletta et al., 2020). The percentage of prey abundance by weight (%W)
was then determined for prey taxa and calculating according to the equation:
%Wi = (Wi/Wt) *100
Where Wi is the weight of the food item i and Wt is the total weight of the food items in the
stomachs examined. Percentage of prey abundance by weight is the most representative measure
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of bulk and may be applied to all food items (Barletta et al., 2020). For incomplete remains of
fish and crayfish, the average weight of prey consumed by that species within that river was
used. Percent weight was used for the calculation of IRI but is not thought to have significance to
microplastic consumption patterns. The percentage of prey abundance by number was then found
using:
%Ni = (Ni/Nt) *100
Where Ni is the count of a food item and Nt is the total number of that food item in the stomachs
examined. The Index of Relative Importance was then found with the following:
%IRIi= Fi*(%Ni + %Wi)
The Index of Relative Importance incorporates frequency of occurrence (Fi), percentage by
number (%Ni), and percentage by weight (%Wi). The %IRI was calculated by dividing the IRI
by the total IRI.
Analysis
Total microplastic count was used to exploratively model correlations between total
counts by shape, population characteristics (length, age, weight, sex), diet (abundance of fish,
macroinvertebrates, and crayfish) and total microplastic counts found within each species
through data dredging. Covariates were fixed and interactions between covariates were not
explored. Length, age, and weight were modeled as continuous covariates. Sex included three
categorical levels, male, female, and immature. In addition, microplastic count by shape was
used to exploratively model correlations between population characteristics (length, age, weight,
sex), diet (abundance of fish and crayfish) and total microplastic count by shape of each species
through data dredging to determine the influence of shape on the top model. Total foam was
excluded due to its rarity throughout all three species despite its high abundance once found.
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Analysis was conducted using R statistical software. Shapiro Wilk tests generated
significant results (p ≤0.05) for total plastic count, count by shape, and count by shape and size,
signifying that the counts were not normally distributed. Microplastic count distributions were
first described using Poisson distributions, however due to over dispersion were modeled with
Quasi Poisson models as was done in Chapter 2 (Ver Hoef & Boveng, 2007; Symonds &
Moussalli, 2011). Quasi Poisson models were validated using Pearson’s residuals (Zuur &
Freckleton, 2016). McFadden’s pseudo-R value was reported for all models and comparisons
(Hensher & Stopher, 1979). An excellent fit for McFadden’s pseudo-R is a model with a value
between 0.2-0.4 (Hensher & Stopher, 1979). For each significant correlation (p <0.05), standard
error was calculated by first recreating the model using a Poisson distribution and then
multiplying the standard error of the dependent variable from the Poisson distribution by the
square root of the dispersion value. McFadden’s Pseudo-R2 was used to determine the amount of
variation explained by predictors.
After exploratory modeling, forward step regression was conducted on the top models
with dietary variables (abundance of fish, macroinvertebrates, and crayfish in the stomach) to
determine if explanatory power was increased by incorporating dietary characteristics (Figure 3).
Diet was modeled alone to determine if it would be a better model than the top population
characteristic model. Modeling is not meant to be predictive since size will impact movement
and bioavailability in the environment and is instead indicative of a risk factor for the
consumption of a particular microplastic type. Models were assessed based on their QAIC,
McFadden’s Pseudo-R2 and p-values.

Results
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Sample sizes for this study were as large as 50, smallmouth bass, and as small as 17,
largemouth bass. Sizes of bass ranged from 100mm to 450mm in total length (Appendix Figure
1). Size distribution of smallmouth bass displays a peak in frequency in the 150-250mm range,
while largemouth and spotted bass distributions appear unimodal. Not all ages are represented in
the sample but are believed to be representative of the population characteristics overall
(Appendix: Figure 2). Most fish were age 0 or age 1 as determined through otolith aging using
crack and burn (Brown, 2022). Male, female, and immature individuals were represented in all
three species. Largemouth bass were comprised of 29% immature, 29% males and 42% females.
Smallmouth bass had a smaller fraction of immature individuals, 8%, and equal fractions of
males and females, 46%. The spotted bass sample population consisted of 29% immature, 25%
male and 46% female fish.
Dietary analysis revealed that despite looking at the same size range of fish, all three prey
types (crayfish, fish, and macroinvertebrates) were not present in all three species (Appendix:
Table 1). Smallmouth bass were the only black bass species to consume macroinvertebrates.
Smallmouth bass consumed the highest frequency of fish (59%) followed by largemouth bass,
and finally spotted bass (Appendix: Table 1). Crayfish were represented in the highest frequency
in spotted bass (63%) and similarly in smallmouth bass and largemouth bass, 37% and 49%
respectively. The index of relative importance demonstrates that fish were most important to
smallmouth bass and least important to spotted bass (Appendix: Table 1). Crayfish were most
important to spotted bass (18.68%) while largemouth bass displayed intermittent importance of
crayfish and fish, 13.37% and 24.31%, respectively.
Largemouth bass contained the highest average number of total microplastics (63 pieces)
while spotted bass contained the least. Smallmouth bass demonstrated a larger range of
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microplastic count than the other three species (5-281 pieces) while spotted bass demonstrated
the smallest (11-153 pieces) (Appendix: Table 3). Composition of microplastic within the
digestive tracts differed between the three species. Smallmouth bass contained higher
percentages of sheets than the other two species (42%). Fragments were the second most
abundant (33%) followed by fibers (18%). Largemouth bass consumption consisted of higher
proportions of fragments (40%). Sheets composed 32% while fibers composed 19%. Spotted
bass demonstrated the highest proportion of fragments (47%). The composition of microplastic
consumed by spotted bass consisted of 33% fibers and 21% sheets.
Model exploration through data dredging on total microplastics explained by microplastic
type, population characteristics (length, age, weight, sex) and dietary characteristics
demonstrated that the significance of microplastic shape varied with each species and the
significance had the potential to shift with population and dietary characteristics (Table 1 & 2).
The top model for smallmouth bass when population characteristics are considered alone was
Fiber + Fragment + Sheets + Sex. When all models are examined, (dietary and population
characteristic) Fiber + Fragments + Sheets + Crayfish was the top model. Largemouth and
spotted bass total microplastic consumption top models were population characteristic models.
Largemouth bass was best explained by Fiber + Fragments + Sheets + Age + Length. Fiber was
the only significant variable. The top model to describe total microplastic in spotted bass was
Fiber + Fragments + Sheets + Length + Weight. All variables were significant except for length
(Table 1). When forward regression was applied the top model for smallmouth bass became
Fiber + Fragments + Sheets + Sex + Crayfish, a combination of the top population characteristic
model and the top model determined through exploratory modeling.

131

Model exploration through data dredging on total fiber, total fragment and total sheet
counts demonstrated that including population characteristics (length, age, weight, sex)
consistently generated a superior model for all black bass species for predicting total counts of
fiber, fragments, and sheets than dietary characteristics alone (Table 3). In some instances,
although a top model was produced, such as for sheets in smallmouth bass and fragments in
largemouth bass, there was not a significant relationship between the response and predictors and
all models were within 2 QAIC of the top model, indicating that although a top model was
produced its power to explain the counts is low. All three species demonstrated different top
models for each of the plastic types and intra species top models were different as well. Sex
appeared as a top predictor in 6 out of the 7 top models produced. Of the top models produced, 4
out of 7 included a combination of population characteristics and dietary variables.
For fiber consumption in smallmouth bass, the top model after forward regression was
Age + Sex (Table 4). McFadden’s pseudo R2 value was 0.382 indicating that the model was a
good fit for the count data. The model was not greatly improved upon through the addition of
dietary characteristics (crayfish, macroinvertebrate and fish abundance consumed), with R2 value
increasing <0.03 for the addition of the variables individually and collectively and QAIC scores
decreasing (Table 5). Total fragments found in the digestive tract was best described by Sex +
Length after forward regression (Table 5). With an R2 value of 0.152, the model fell outside of
the threshold of a well-fitting model for McFadden’s pseudo R2. In this model, length was the
only significant predictor (p = 0.01) and prediction power increased by 0.04 over the Length only
model. Sex was the top population characteristic model, while Crayfish + Fish+
Macroinvertebrate were the top model overall, with the smallest QAIC value. Crayfish + Fish+
Macroinvertebrate however had a McFadden’s pseudo R2 value of 0.131, falling outside the
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range of a well-fitting model. Sex, crayfish, and fish were not significant in their respective
models, nor when combined. The lack of significant predictors during exploratory modeling and
forward regression resulted in the conclusion that although there was a top model, the prediction
power may be weak.
Sheets consumed by largemouth bass was best explained by an Age + Weight model after
forward regression. Age was the only significant predictor in the model but was not significant
on its own without the incorporation of weight (Table 4). The Age only model was improved
upon by ~0.07% with the incorporation of weight and was the second-best model. The
McFadden pseudo R2 value was 0.379, falling within the range of a well-fitting model, 0.2 - 0.4.
Age + Weight was the top model during exploratory modeling of population and dietary
characteristics. The model for fragment consumption, Sex + Crayfish, was the top model after
forward regression. This model does not have a relationship significant at the 0.05 level but at
the 0.1 level and is included because of the high McFadden pseudo R2 value, 0.321, top QAIC
score and lack of other significant parameters in models at the 0.1 or 0.05 significance level. The
Crayfish only model and Sex only models did not produce a model with high explanatory value
according to their McFadden pseudo R2 value, 0.038 and 0.177. The crayfish only model was
significant however, while the top model, Fish, was not. The Fish only model had a lower
McFadden pseudo R2 value, 0.038. A top model was not determined for fibers in largemouth
bass. As before the lack of significant predictors during exploratory modeling and forward
regression resulted in the conclusion of no top model.
Top models were determined for all three shape categories, and each contained dietary
and population variables. Fiber and fragment consumption exhibited the same top model after
forward regression, Sex + Weight +Length + Crayfish + Fish. For exploratory modeling, Sex +
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Weight + Length was the most significant model for fibers and fragments. In the case of fibers
consumed, all three variables were significant (p<0.05). Length and weight were not significant
on their own or in combination with one another and did not encompass the variation well, and
McFadden’s pseudo R2 was less than 0.012. Combinations of sex, weight and length were
significant predictors as well as sex on its own, with Sex + Length and Sex + Weight producing
acceptable well McFadden’s pseudo R2 values greater than 0.20. Only Sex + Length fell within a
2 QAIC threshold of the top exploratory model, however it explained less of the variation, 0.484
(Table 4 & 5). Crayfish, Fish and Crayfish + Fish modeling did not produce a model that
explained variation on its own well or demonstrate a significant relationship. For fragment
counts exploratory modeling of consumption, Sex, Length, Weight, and Length + Weight did not
produce significant relationships between consumption and the population characteristics.
Dietary variables alone did not produce significant relationships.
Consumption of sheets was best described by Sex + Fish model produced during forward
regression. Analyzing the exploratory population characteristic and dietary models, sex is not
considered a significant predictor while the consumption of fish was (Table 4 & 5). Combining
the two predictors increases the amount of variation explained from 0.299 in the Fish only model
by approximately 0.07 to 0.367.

Discussion
This study was composed of younger individuals’ representative of the study system and
of a similar size structure (Chapter 2). Modeling of total microplastic count by count of
microplastics by shape demonstrates the significance of shape counts for the three species as well
as potential interactions with population and dietary characteristics due to changes in their
interaction indicated by changing significance to the model. Results of both the total microplastic
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modeling and modeling by shape demonstrate that total microplastic modeling is not the same as
modeling by shape and that interactions between population characteristics and the dietary
variables are unique and should be treated as thus.
Top models for smallmouth bass consumption of fiber and fragment included sex, with
fiber consumption best described by Age + Sex and fragment consumption best explained by Sex
+ Length. Diet analysis demonstrated that smallmouth bass continued to incorporate
macroinvertebrates, while largemouth bass and spotted bass did not. This appears to suggest that
consumption of fiber and fragments are tied to ontogenetic shifts in either diet or habitat. Sex is
one of the most prevalent variables in the models and appears in the models for total
microplastics as well as microplastics by shape. Age and sex may represent differences in habitat
residency as well as activity between sexually mature and not mature individuals within the three
species (Pope et al., 2004; Godbout, 2009; Goclowski et al., 2013; Zhao et al., 2014; Miranda et
al., 2021). There is the potential for both hypotheses to be true since small pieces of each size
class may be taken up passively, as was demonstrated with fiber consumption by largemouth
bass in a laboratory setting (Bowen et al., 2020). In anemonefish, Amphiprion ocellaris, juvenile
microplastic ingestion was experimentally examined and results suggested that individual
variation in activity levels impacted microplastic ingestion where individuals that were more
active consumed more microplastics (Nanninga et al., 2020). Differences in activity levels are
difficult to measure but may be supported with an understanding of species ecology, diel
behaviors and in situ experimentation with camera technology.
This study demonstrates an increasing importance in dietary variables to the consumption
of fragments as the frequency and number of crayfish consumed increases. Largemouth bass and
spotted bass contain fragment models that include crayfish abundance as a predictor.
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Largemouth bass demonstrates a significant correlation between crayfish consumption and
fragments consumed. This finding supports McNeish et al. (2018) where they found that
zoobenthivores, specifically round goby, Neogobius melanostomus, consume higher loads of
microplastic, however largemouth bass would not be conventionally classified as a
zoobenthivore (McNeish et al., 2018). Largemouth bass in this study consumed fish in the
highest frequency of their prey items, yet fragments composed the highest proportion of total
microplastic consumed (Appendix: Table 1). Percent by number elucidates that crayfish
composed roughly 50% of the diet items found in largemouth bass. Spotted bass, which consume
benthic organisms in the highest number and frequency, contain the highest mean, range and
percent composition of fragments. Smallmouth bass consumed benthic organisms as well, but
not to the same degree. This should not be misconstrued as evidence for trophic transfer through
crayfish consumption, though crayfish have been demonstrated to ingest microplastic (Zhang et
al., 2021). Instead, we suggest that predatory interactions with the benthos may increase the
fragments within the digestive tract. Spotted bass also consume Percina in high frequency, a
taxon associated with the benthos. Currently, it is unknown how predatory interactions with fish
residing on the benthos may impact microplastic consumption.
This study is novel in its use of Quasi Poisson distribution models and QAIC to
determine relationships between black bass characteristics and microplastic consumption. Quasi
Poisson distributions have been used in the modeling of daphnia and deepsea elasmobranchs but
not by shape of microplastic (Valente et al., 2019; Aljaibachi et al., 2020). The results of this
study demonstrate that a one-size-fits-all perspective of microplastic consumption of fish within
the same feeding guild is not appropriate. Forward regression with dietary attributes on top
models did not universally produce better models, further supporting Nanninga et al. (2020),
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finding that activity may better predict consumption of microplastic. This study’s models are not
intended to predict absolute consumption, but instead determine potentially at-risk portions of
the population, inspire further fisheries ecologically based studies and gauge similarity in
consumption behaviors across the species life history for shapes of microplastic. Further this
study’s models could not be used to predict microplastic consumption because predicting
microplastic abundance in the digestive tract would require incorporation of shape and size with
an understanding of retention time in the digestive tract, and movement and accumulation in the
environment the scientific community does not have. These retention times may change with
digestive morphology.
Current literature suggests species differ in their evacuation time and that differences
exist in evacuation time by size of microplastic particles (Griogorakis et al., 2017; Roch et al.,
2020). Roch et al. (2020) compared evacuation times of a carnivorous fish species, rainbow
trout, Oncorhynchus mykiss, to an herbivorous fish, common carp, Cyprinus carpio. Rainbow
trout, like other carnivorous fish, display complex gut morphology with a defined j-shaped
stomach, and a sectioned intestine with pyloric caeca, while common carp lack an anatomical
stomach. Roch et al., (2020) determined that overall microplastic particles move faster through
common carp than rainbow trout. This further supports the conclusion that more information
may be obtained from higher resolution studies. Comparisons between feeding guilds are not
temporally comparable due to differences in evacuation rates and even within feeding guilds, gut
morphology changes. There is a 40-fold difference in the number of pyloric caeca of cod,
rainbow trout, largemouth bass, and striped bass with a range of 6 - 222 (Buddington &
Diamond, 1986). Even within closely related species such as black bass, pyloric ceca count
ranges from 10-13 in spotted bass, 20-33 in largemouth bass and 8-16 in smallmouth bass (Esch,
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1975; Godbout et al., 2011). Pyloric ceca of largemouth bass are branched while smallmouth
bass are not which may also affect small particle movement. Shifts in species assemblages
examined and their gut morphology may alter the results determined by adding temporal errors
that are unaccounted for.
Microplastic also has the potential to degrade when exposed to hydrochloric acid (HCl), a
major acid found in the stomach. Karami et al. (2017) demonstrated that low-density
polyethylene (LDPE), high-density polyethylene (HDPE), polypropylene (PP), PS, polyethylene
terephthalate (PET), and polyvinyl chloride (PVC) fragments demonstrated reduced recovery
rates and polyamide-6 (nylon-6) and -66 (nylon-66, NY66) were completely digested.
Temperature impacted the digestion rate of microplastic in Karami et al. (2017) when digested at
25, 40, 50, or 60 °C. An understanding of the potential for microplastic types to degrade in the
stomach at biologically relevant temperatures when exposed to HCl is needed. Microplastic may
fracture into smaller pieces and degrade.
Fish microplastic literature contains several studies that sample a wide array of fish with
unequal representation and little demographic information provided on the fish included in the
sample. This study’s main conclusion is that demographic and dietary sample characteristics are
imperative to increasing our understanding of microplastic consumption and necessary for
comparing consumption between systems. Changing demographics may alter the conclusions of
other microplastic studies as well, especially in cases of low or high species representation.
Shifts in diet and microplastic composition by season within this pool suggest seasonality aspects
and that results where total microplastic is examined over shape the results may be biased by
microplastic composition (Chapter 2; van Emmerik et al., 2019). In conclusion, smallmouth bass,
largemouth bass, and spotted bass, despite being sympatric species in the same feeding guild,
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express different microplastic consumption and although feeding behavior seems to be
important, generalizations are cautioned.

139

Works Cited:
Aljaibachi, R., Laird, W. B., Stevens, F., & Callaghan, A. (2020). Impacts of polystyrene
microplastics on Daphnia magna: a laboratory and a mesocosm study. Science of The
Total Environment, 705, 135800.
Andrade, M. C., Winemiller, K. O., Barbosa, P. S., Fortunati, A., Chelazzi, D., Cincinelli, A., &
Giarrizzo, T. (2019). First account of plastic pollution impacting freshwater fishes in the
Amazon: Ingestion of plastic debris by piranhas and other serrasalmids with diverse
feeding habits. Environmental Pollution, 244, 766-773.
Barletta, M., Costa, M. F., & Dantas, D. V. (2020). Ecology of microplastics contamination
within food webs of estuarine and coastal ecosystems. MethodsX, 7, 100861.
Bellasi, A., Binda, G., Pozzi, A., Galafassi, S., Volta, P., & Bettinetti, R. (2020). Microplastic
contamination in freshwater environments: A review, focusing on interactions with
sediments and benthic organisms. Environments, 7(4), 30.
Bowen, L., Liang. W., Liu. Q., Fu. S., Ma. C., Chen. Q., Su. L., Craig. N., and Shi., H "Fish
ingest microplastics unintentionally." Environmental Science & Technology 55, no. 15
(2021): 10471-10479.
Buddington, R. K., & Diamond, J. M. (1986). Aristotle Revisited: The Function of Pyloric Caeca
in Fish. Proceedings of the National Academy of Sciences of the United States of
America, 83(20), 8012–8014. http://www.jstor.org/stable/28228
Cheung, P. K., Hung, P. L., & Fok, L. (2019). River microplastic contamination and dynamics
upon a rainfall event in Hong Kong, China. Environmental Processes, 6(1), 253-264.
de Carvalho, A. R., Garcia, F., Riem-Galliano, L., Tudesque, L., Albignac, M., Ter Halle, A., &
Cucherousset, J. (2021). Urbanization and hydrological conditions drive the spatial and
temporal variability of microplastic pollution in the Garonne River. Science of the Total
Environment, 769, 144479.
Esch, G. W. (1975). Studies on the population biology of Proteocephalus ambloplitis (Cestoda)
in the smallmouth bass. In Proceedings of the Oklahoma Academy of Science (pp. 122127)..
Estahbanati, S., & Fahrenfeld, N. L. (2016). Influence of wastewater treatment plant discharges
on microplastic concentrations in surface water. Chemosphere, 162, 277-284.
Grigorakis, S., Mason, S. A., & Drouillard, K. G. (2017). Determination of the gut retention of
plastic microbeads and microfibers in goldfish (Carassius auratus). Chemosphere, 169,
233-238.
Godbout, J. (2009). Investigating Interactions between Largemouth and Spotted Bass, Lake
Norman, North Carolina. North Carolina State University
Hartmann, N. B., Rist, S., Bodin, J., Jensen, L. H., Schmidt, S. N., Mayer, P., ... & Baun, A.
(2017). Microplastics as vectors for environmental contaminants: exploring sorption,
desorption, and transfer to biota. Integrated environmental assessment and management,
13(3), 488-493.
Hasegawa, T., & Nakaoka, M. (2021). Trophic transfer of microplastics from mysids to fish
greatly exceeds direct ingestion from the water column. Environmental Pollution, 273,
116468.
Hoellein, T. J., McCormick, A. R., Hittie, J., London, M. G., Scott, J. W., & Kelly, J. J. (2017).
Longitudinal patterns of microplastic concentration and bacterial assemblages in surface
and benthic habitats of an urban river. Freshwater Science, 36(3), 491-507.

140

Jovanović, B. (2017). Ingestion of microplastics by fish and its potential consequences from a
physical perspective. Integrated environmental assessment and management, 13(3), 510515.
Karami, A., Golieskardi, A., Choo, C. K., Romano, N., Ho, Y. B., &amp; Salamatinia, B.
(2017). A high-performance protocol for extraction of microplastics in fish. Science of
the Total Environment, 578, 485-494.
Kim, J., Poirier, D. G., Helm, P. A., Bayoumi, M., & Rochman, C. M. (2020). No evidence of
spherical microplastics (10–300 μm) translocation in adult rainbow trout (Oncorhynchus
mykiss) after a two-week dietary exposure. Plos one, 15(9), e0239128.
Long, J. M & Fisher, W. L (2000) Inter-Annual and Size-Related Differences in the Diets of
Three Sympatric Black Bass in an Oklahoma Reservoir, Journal of Freshwater Ecology,
15:4, 465-474,
McIlwraith, H. K., Kim, J., Helm, P., Bhavsar, S. P., Metzger, J. S., & Rochman, C. M. (2021).
Evidence of Microplastic Translocation in Wild-Caught Fish and Implications for
Microplastic Accumulation Dynamics in Food Webs. Environmental Science &
Technology, 55(18), 12372-12382.
McNeish, R. E., Kim, L. H., Barrett, H. A., Mason, S. A., Kelly, J. J., & Hoellein, T. J. (2018).
Microplastic in riverine fish is connected to species traits. Scientific reports, 8(1), 1-12.
Miranda, L. E., Lakin, K. M., & Faucheux, N. M. (2021). Habitat Associations of Three Black
Bass Species in a Reservoir System. Transactions of the American Fisheries Society.
Nanninga, G. B., Scott, A., & Manica, A. (2020). Microplastic ingestion rates are phenotypedependent in juvenile anemonefish. Environmental Pollution, 259, 113855.
Ory, N. C., Sobral, P., Ferreira, J. L., & Thiel, M. (2017). Amberstripe scad Decapterus muroadsi
(Carangidae) fish ingest blue microplastics resembling their copepod prey along the coast
of Rapa Nui (Easter Island) in the South Pacific subtropical gyre. Science of the Total
Pope, K. L., Denny, S. R., Harthorn, C. L., Chizinski, C. J., & Cunningham, K. K. (2005). Food
habits of co-occurring populations of largemouth bass and spotted bass in two New
Mexico reservoirs. Journal of Freshwater Ecology, 20(1), 37-46.
Provencher, J. F., Ammendolia, J., Rochman, C. M., & Mallory, M. L. (2019). Assessing plastic
debris in aquatic food webs: what we know and don’t know about uptake and trophic
transfer. Environmental Reviews, 27(3), 304-317.
Ricciardi, A., & Rasmussen, J. B. (1999). Extinction rates of North American freshwater fauna.
Conservation biology, 13(5), 1220-1222.
Richards, C. (2012). Monongahela River Watershed Assessment. U.S. Army Corps of Engineers:
Pittsburgh District. Retrieved January 28, 2022, from
https://www.lrp.usace.army.mil/Missions/Planning-Programs-Project-Management/KeyProjects/Monongahela-River-Watershed-Assessment/
Roch, S., Friedrich, C., & Brinker, A. (2020). Uptake routes of microplastics in fishes: practical
and theoretical approaches to test existing theories. Scientific reports, 10(1), 1-12.
Roch, S., Ros, A. F., Friedrich, C., & Brinker, A. (2021). Microplastic evacuation in fish is
particle size‐dependent. Freshwater Biology, 66(5), 926-935.
Sales-Ribeiro, D., Brito-Casillas, Y., Fernandez, A., & Caballero, M. J. (2020). An end to the
controversy over the microscopic detection and effects of pristine microplastics in fish
organs. Scientific reports, 10(1), 1-19.
Scircle, A., Cizdziel, J. V., Missling, K., Li, L., & Vianello, A. (2020). Single‐pot method for the
collection and preparation of natural water for microplastic analyses: Microplastics in the
141

Mississippi River system during and after historic flooding. Environmental toxicology
and chemistry, 39(5), 986-995.
Symonds, M. R., & Moussalli, A. (2011). A brief guide to model selection, multimodel inference
and model averaging in behavioral ecology using Akaike’s information criterion.
Behavioral Ecology and Sociobiology, 65(1), 13-21.
Vaid, M., Sarma, K., & Gupta, A. (2021). Microplastic pollution in aquatic environments with
special emphasis on riverine systems: current understanding and way forward. Journal of
environmental management, 293, 112860.
Valente, T., Sbrana, A., Scacco, U., Jacomini, C., Bianchi, J., Palazzo, L., ... & Matiddi, M.
(2019). Exploring microplastic ingestion by three deep-water elasmobranch species: A
case study from the Tyrrhenian Sea. Environmental Pollution, 253, 342-350.
van Emmerik, T., Strady, E., Kieu-Le, T. C., Nguyen, L., & Gratiot, N. (2019). Seasonality of
riverine macroplastic transport. Scientific reports, 9(1), 1-9.
Vendel, A. L., Bessa, F., Alves, V. E. N., Amorim, A. L. A., Patrício, J., & Palma, A. R. T.
(2017). Widespread microplastic ingestion by fish assemblages in tropical estuaries
subjected to anthropogenic pressures. Marine Pollution Bulletin, 117(1-2), 448-455.
Ver Hoef, J. M., & Boveng, P. L. (2007). Quasi‐Poisson vs. negative binomial regression: how
should we model over dispersed count data?. Ecology, 88(11), 2766-2772.
Vince, J., & Hardesty, B. D. (2018). Governance solutions to the tragedy of the commons that
marine plastics have become. Frontiers in Marine Science, 5, 214.
Warren Jr, M. L., & Burr, B. M. (1994). Status of freshwater fishes of the United States:
overview of an imperiled fauna. Fisheries, 19(1), 6-18.
Wicaksono, E. A., Werorilangi, S., Galloway, T. S., & Tahir, A. (2021). Distribution and
Seasonal Variation of Microplastics in Tallo River, Makassar, Eastern Indonesia. Toxics,
9(6), 129.
Woodward, J., Rothwell, J. J., Hurley, R., Li, J., & Ridley, M. (2020). Microplastics in rivers.
Environmental Scientist, 29(1), 36-43.
Yang, H., Xiong, H., Mi, K., Xue, W., Wei, W., & Zhang, Y. (2020). Toxicity comparison of
nano-sized and micron-sized microplastics to Goldfish Carassius auratus Larvae. Journal
of hazardous materials, 388, 122058.
Zhang, D., Fraser, M. A., Huang, W., Ge, C., Wang, Y., Zhang, C., & Guo, P. (2021).
Microplastic pollution in water, sediment, and specific tissues of crayfish (Procambarus
clarkii) within two different breeding modes in Jianli, Hubei province, China.
Environmental Pollution, 272, 115939.
Zhao, T., Villéger, S., Lek, S., & Cucherousset, J. (2014). High intraspecific variability in the
functional niche of a predator is associated with ontogenetic shift and individual
specialization. Ecology and evolution, 4(24), 4649-4657
Zheng, K., Fan, Y., Zhu, Z., Chen, G., Tang, C., & Peng, X. (2019). Occurrence and species‐
specific distribution of plastic debris in wild freshwater fish from the Pearl River
catchment, China. Environmental toxicology and chemistry, 38(7), 1504-1513.
Zuur, A. F., Ieno, E. N., & Freckleton, R. (2016). A protocol for conducting and presenting
results of regression-type analyses. Methods Ecol Evol 7: 636–645.

142
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Figure 1. Site map of the Monongahela River, WV. The Monongahela River runs north through
the urban city of Morgantown and into Pennsylvania. Sampling occurred in fall of 2019 and
encompassed the Point Marion pool which runs from the Morgantown Dam to the Point Marion
Dam
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Figure 2. Discharge at the Elizabeth, PA USGS station during fall 2019 sampling which indicates
flow conditions were below the 88-year average on the Monongahela River for extended periods
of time. Low flow conditions have the potential to concentrate microplastic pollution
(Wickasono et al., 2021). Oscillations in flow may have acted as flushing events for suspended
and sequestered microplastics.
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Table 1. QAIC and R2 for model exploration with population characteristics for top models for
each species for total microplastic count. Top models indicated have QAIC scores within 2
deviations of the top model.
Smallmouth Bass
Model
fiber + fragments + sheets + age

fiber + fragments + sheets + age + sex

fiber + fragments + sheets + age + length

fiber + fragments + sheets + age + weight

fiber + fragments + sheets + age + sex + length

fiber + fragments + sheets + age + sex + weight

fiber + fragments + sheets + age + sex + weight+length

fiber + fragments + sheets + sex

fiber + fragments + sheets + sex + weight

fiber + fragments + sheets + sex + length

fiber + fragments + sheets + sex + length + weight

fiber + fragments + sheets + length

fiber + fragments + sheets + length + weight

fiber + fragment + sheets + weight

Largemouth Bass
Variables
fiber
fragments
sheets
age
fiber
fragments
sheets
age
m
na
fiber
fragments
sheets
age
length
fiber
fragments
sheets
age
weight
fiber
fragments
sheets
age
m
na
length
fiber
fragments
sheets
age
m
na
weight
fiber
fragments
sheets
age
m
na
weight
length
fiber
fragments
sheets
m
na
fiber
fragments
sheets
m
na
weight
fiber
fragments
sheets
m
na
length
fiber
fragments
sheets
m
na
length
weight
fiber
fragments
sheets
length
fiber
fragments
sheets
length
weight
fiber
fragments
sheets
weight

p-value
0.0910
0.0000
0.0000
0.7760
0.4584
0.0000
0.0000
0.7504
0.0351
0.3059
0.0925
0.0001
0.0000
0.9698
0.8177
0.1970
0.0001
0.0000
0.4390
0.4680
0.4125
0.0000
0.0000
0.7283
0.0309
0.4902
0.5619
0.4125
0.0000
0.0000
0.7283
0.0309
0.4902
0.5619
0.5132
0.0000
0.0000
0.7073
0.0418
0.7122
0.5238
0.4067
0.3012
0.0000
< 2e-16
0.0332
0.2925
0.4120
0.0000
0.0000
0.0346
0.2995
0.7972
0.4522
0.0000
0.0000
0.0306
0.3857
0.5699
0.3831
0.0000
0.0000
0.0288
0.6496
0.4234
0.5319
0.0681
0.0000
< 2e-16
0.7142
0.0624
0.0000
0.0000
0.5482
0.6267
0.0554
0.0000
< 2e-16
0.9355

QAIC

Model

Variables
fiber
fragments
-49.97
fiber + fragments + sheets + age
sheets
age
fiber
fragments
sheets
-52.9
fiber + fragments + sheets + age + sex
age
m
na
fiber
fragments
-48.8
fiber + fragments + sheets + age + length
sheets
age
length
fiber
fragments
-48.8
fiber + fragments + sheets + age + weight
sheets
age
weight
fiber
fragments
sheets
-52.0
fiber + fragments + sheets + age + sex + length
age
m
na
length
fiber
fragments
sheets
-51.3 fiber + fragments + sheets + age + sex + weight
age
m
na
weight
fiber
fragments
sheets
age
-50.7fiber + fragments + sheets + age + sex + weight+length
m
na
weight
length
fiber
fragments
-54.3
fiber + fragments + sheets + sex
sheets
m
na
fiber
fragments
sheets
-52.9
fiber + fragments + sheets + sex + weight
m
na
weight
fiber
fragments
sheets
-53.4
fiber + fragments + sheets + sex + length
m
na
length
fiber
fragments
sheets
-52.3 fiber + fragments + sheets + sex + length + weight
m
na
length
weight
fiber
fragments
-53.3
fiber + fragments + sheets + length
sheets
length
fiber
fragments
-49.2
fiber + fragments + sheets + length + weight
sheets
length
weight
fiber
fragments
-49.8
fiber + fragment + sheets + weight
sheets
weight

Spotted Bass
p-value
0.2281
0.0365
0.1507
0.9803
0.1800
0.0179
0.1820
0.8646
0.2746
0.7647
0.1657
0.0111
0.1873
0.0930
0.0575
0.2470
0.0470
0.2090
0.4780
0.4320
0.2166
0.0255
0.1928
0.2657
0.4495
0.6941
0.2178
0.2105
0.0301
0.2193
0.6611
0.3123
0.8544
0.6776
0.2147
0.0209
0.1637
0.5021
0.4910
0.5647
0.1801
0.4745
0.1707
0.0116
0.0847
0.2063
0.7995
0.1969
0.0259
0.1224
0.2319
0.8880
0.9490
0.2307
0.0358
0.0843
0.1905
0.8195
0.6083
0.2171
0.0189
0.0761
0.3115
0.5533
0.2056
0.2513
0.2455
0.0449
0.0621
0.4395
0.1649
0.0099
0.0574
0.0971
0.1405
0.2403
0.0462
0.1003
0.7482

QAIC

Model

Variables p-value
fiber
0.0000
fragments
0.0000
fiber + fragments + sheets + age
sheets
0.0000
-9.5
age
0.0506
fiber
0.0000
fragments
0.0000
sheets
0.0000
fiber + fragments + sheets + age + sex
age
0.0094
m
0.4602
-10.9
na
0.0733
fiber
0.0000
fragments
0.0000
fiber + fragments + sheets + age + length
sheets
0.0000
age
0.0374
-12.4
length
0.1684
fiber
0.0000
fragments
0.0000
fiber + fragments + sheets + age + weight
sheets
0.0000
age
0.4120
-9.6
weight
0.8850
fiber
0.0001
fragments
0.0000
sheets
0.0000
fiber + fragments + sheets + age + sex + length
age
0.1964
m
0.4689
na
0.3188
-11.6
length
0.9052
fiber
0.0000
fragments
0.0000
sheets
0.0000
fiber + fragments + sheets + age + sex + weight
age
0.3377
m
0.5275
na
0.0778
-10.3
weight
0.7932
fiber
0.0081
fragments
0.0000
sheets
0.0000
age
0.2997
fiber + fragments + sheets + age + sex + weight+length
m
0.4741
na
0.9758
weight
0.4489
-11.5
length
0.4316
fiber
0.0001
fragments
0.0000
fiber + fragments + sheets + sex
sheets
0.0001
0.8760
m
-11.4
na
0.9850
fiber
0.0000
fragments
0.0000
sheets
0.0000
fiber + fragments + sheets + sex + weight
m
0.7643
na
0.0935
-10.76
weight
0.0154
fiber
0.0000
fragments
0.0000
sheets
0.0000
fiber + fragments + sheets + sex + length
m
0.8295
na
0.0603
-10.9
length
0.0270
fiber
0.0088
fragments
0.0000
sheets
0.0000
fiber + fragments + sheets + sex + length + weight
m
0.7309
na
0.9621
length
0.5387
-11.8
weight
0.2717
fiber
0.0000
fragments
0.0000
fiber + fragments + sheets + length
sheets
0.0000
-10.9
length
0.2780
fiber
0.0000
fragments
0.0000
fiber + fragments + sheets + length + weight
sheets
0.0000
length
0.0621
-12.0
weight
0.0216
fiber
0.0000
fragments
0.0000
fiber + fragment + sheets + weight
sheets
0.0000
-9.5
weight
0.0779
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QAIC

-52.7

-54.1

-53.7

-49.85

-51.6

-51.6

-50.0

-43.8

-52.4

-50.6

-50.6

-50.6

-55.3

-51.2

Table 2. QAIC and R2 for model exploration with population characteristics for top models for
each species for total microplastic count. Top models indicated have QAIC scores within 2
deviations of the top model.
Smallmouth Bass
Model

Variables
fiber
fragments
sheets
crayfish
fiber
fragments
fiber + fragments + sheets + fish
sheets
fish
fiber
fragments
sheets
fiber + fragments + sheets + fish + crayfish
fish
crayfish
fiber
fragments
fiber + fragments + sheets + macroinvertebrate
sheets
macroinvertebrate
fiber
fragments
fiber + fragments + sheets + macroinvertebrate + crayfish
sheets
macroinvertebrate
crayfish
fiber
fragments
fiber + fragments + sheets + macroinvertebrate + fish
sheets
macroinvertebrate
fish
fiber
fragments
sheets
fiber + fragments + sheets + macroinvertebrate + fish + crayfish
macroinvertebrate
fish
crayfish
Largemouth Bass
Model
Variables
fiber
fragments
fiber + fragments + sheets + crayfish
sheets
crayfish
fiber
fragments
fiber + fragments + sheets + fish
sheets
fish
fiber
fragments
fiber + fragments + sheets + fish + crayfish
sheets
fish
crayfish
Spotted Bass
Model
Variables
fiber
fragments
fiber + fragments + sheets + crayfish
sheets
crayfish
fiber
fragments
fiber + fragments + sheets + fish
sheets
fish
fiber
fragments
fiber + fragments + sheets + fish + crayfish
sheets
fish
crayfish
Largemouth Bass
Model
Variables
fiber
fragments
fiber + fragments + sheets + crayfish
sheets
crayfish
fiber
fragments
fiber + fragments + sheets + fish
sheets
fish
fiber
fragments
fiber + fragments + sheets + fish + crayfish
sheets
fish
crayfish
Spotted Bass
Model
Variables
fiber
fragments
fiber + fragments + sheets + crayfish
sheets
crayfish
fiber
fragments
fiber + fragments + sheets + fish
sheets
fish
fiber
fragments
fiber + fragments + sheets + fish + crayfish
sheets
fish
crayfish
fiber + fragments + sheets + crayfish

p-value
0.0403
0.0000
< 2e-16
0.0219
0.0242
0.0001
< 2e-16
0.1804
0.0428
0.0000
0.0000
0.8742
0.0648
0.0145
0.0002
< 2e-16
0.2303
0.0236
0.0001
< 2e-16
0.2968
0.0285
0.0076
0.0009
< 2e-16
0.1024
0.0885
0.0213
0.0004
0.0000
0.2443
0.5722
0.1378

QAIC

-56.5

-51.9

-54.9

-52.2

-56.0

-53.0

p-value QAIC
0.2189
0.0262
0.1856
0.6035 -10.00
0.2426
0.0334
0.1037
0.9323 -9.5
0.2383
0.0305
0.1990
0.9781
0.6176 -9.4
p-value
0.0001
0.0000
0.0000
0.7520
0.0000
0.0000
0.0007
0.3198
0.0001
0.0000
0.0010
0.3515
0.8768

QAIC

-45.9

-47.7

-45.6

p-value QAIC
0.2189
0.0262
0.1856
0.6035 -10.00
0.2426
0.0334
0.1037
0.9323 -9.5
0.2383
0.0305
0.1990
0.9781
0.6176 -9.4
p-value
0.0001
0.0000
0.0000
0.7520
0.0000
0.0000
0.0007
0.3198
0.0001
0.0000
0.0010
0.3515
0.8768

QAIC

-45.9

-47.7

-45.6
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Table 3. Forward regression of the top population characteristic model with dietary variables.
Models are bolded and highlighted when the model has a lower QAIC than population
characteristic or dietary models alone.
Smallmouth Bass
Model

Variables
fiber
fragments
fiber + fragments + sheets + crayfish
sheets
crayfish
fiber
fragments
fiber + fragments + sheets + fish
sheets
fish
fiber
fragments
sheets
fiber + fragments + sheets + fish + crayfish
fish
crayfish
fiber
fragments
fiber + fragments + sheets + macroinvertebrate
sheets
macroinvertebrate
fiber
fragments
fiber + fragments + sheets + macroinvertebrate + crayfish
sheets
macroinvertebrate
crayfish
fiber
fragments
fiber + fragments + sheets + macroinvertebrate + fish
sheets
macroinvertebrate
fish
fiber
fragments
sheets
fiber + fragments + sheets + macroinvertebrate + fish + crayfish
macroinvertebrate
fish
crayfish
Largemouth Bass
Model
Variables
fiber
fragments
fiber + fragments + sheets + crayfish
sheets
crayfish
fiber
fragments
fiber + fragments + sheets + fish
sheets
fish
fiber
fragments
fiber + fragments + sheets + fish + crayfish
sheets
fish
crayfish
Spotted Bass
Model
Variables
fiber
fragments
fiber + fragments + sheets + crayfish
sheets
crayfish
fiber
fragments
fiber + fragments + sheets + fish
sheets
fish
fiber
fragments
fiber + fragments + sheets + fish + crayfish
sheets
fish
crayfish

p-value
0.0403
0.0000
< 2e-16
0.0219
0.0242
0.0001
< 2e-16
0.1804
0.0428
0.0000
0.0000
0.8742
0.0648
0.0145
0.0002
< 2e-16
0.2303
0.0236
0.0001
< 2e-16
0.2968
0.0285
0.0076
0.0009
< 2e-16
0.1024
0.0885
0.0213
0.0004
0.0000
0.2443
0.5722
0.1378

QAIC

-56.5

-51.9

-54.9

-52.2

-56.0

-53.0

p-value QAIC
0.2189
0.0262
0.1856
0.6035 -10.00
0.2426
0.0334
0.1037
0.9323 -9.5
0.2383
0.0305
0.1990
0.9781
0.6176 -9.4
p-value
0.0001
0.0000
0.0000
0.7520
0.0000
0.0000
0.0007
0.3198
0.0001
0.0000
0.0010
0.3515
0.8768

QAIC

-45.9

-47.7

-45.6
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Table 4. QAIC and R2 for model exploration with top models for each species and each shape
total count highlighted. Top models indicated have QAIC scores within 2 deviations of the top
model. Where all models were within 2 QAIC and no significant relationships occurred, it was
determined that a best model did not exist. R2 values are Mc Fadden’s pseudo-R values. An
excellent value for McFadden’s pseudo-R is a value between 0.2-0.4 (Hensher & Stopher, 1979).
Smallmouth Bass
Fragments
Models

Fibers
Models
Characteristics
Age
Sex
Weight
Length
Age + Sex*
Age + Length
Age + Weight
Age + Sex + Length
Age + Sex + Weight
Age + Sex + Length + Weight
Sex + Weight
Sex + Length
Sex + Weight + Length
Length + Weight
Diet
Crayfish
Macroinvertebrate
Fish
Crayfish+Macroinvertebrate
Crayfish +Fish
Crayfish+Fish+Macroinvertebrate
Fish+Macroinvertebrate

QAIC
R2
-35.61 0.308
-31.15 0.166
-35.20 0.274
-33.59 0.251
-37.25 0.382
-34.58 0.308
-34.66 0.319
-36.01 0.385
-36.02 0.401
-35.00 0.401
-36.43 0.341
-36.26 0.327
-35.56 0.342
-34.05 0.276
-28.02
-26.92
-27.06
-27.66
-27.18
-26.76
-26.35

0.017
0.001
0.001
0.019
0.017
0.019
0.001

Fibers
Models
Characteristics
Age
Sex
Weight*
Length
Age + Sex
Age + Length
Age + Weight
Age + Sex + Length
Age + Sex + Weight
Age + Sex + Length + Weight
Sex + Weight
Sex + Length
Sex + Weight + Length
Length + Weight
Diet
Crayfish
Fish
Crayfish +Fish

QAIC
-23.13
-22.67
-23.23
-23.16
-20.93
-22.08
-22.27
-19.95
-19.95
-19.20
-21.09
-21.03
-20.22
-22.35

R2
0.010
0.008
0.014
0.010
0.011
0.011
0.015
0.012
0.016
0.019
0.015
0.011
0.018
0.016

-23.38 0.038
-23.04 0.039
-22.05 0.057

Fibers
Models
Characteristics
Age
Sex
Weight
Length
Age + Sex
Age + Length
Age + Weight
Age + Sex + Length
Age + Sex + Weight
Age + Sex + Length + Weight
Sex + Weight
Sex + Length
Sex + Weight + Length*
Length + Weight
Diet
Crayfish
Fish
Crayfish +Fish

QAIC
R2
-9.91 0.145
-10.25 0.061
-11.09 0.118
-11.44 0.147
-16.09 0.361
-11.07 0.155
-10.79 0.145
-21.21 0.520
-15.40 0.363
-26.56 0.736
-16.06 0.304
-21.23 0.517
-27.98 0.717
-10.97 0.151
-10.31
-21.83
-11.02

0.094
0.037
0.159

Sheets
Models

Characteristics
QAIC
Age
-22.23
Sex
-20.14
Weight
-22.70
Length
-23.54
Age + Sex
-21.95
Age + Length
-20.40
Age + Weight
-20.52
Age + Sex + Length
-21.09
Age + Sex + Weight
-20.21
Age + Sex + Length + Weight
-20.05
Sex + Weight
-22.89
Sex + Length*
-23.56
Sex + Weight + Length
-22.61
Length + Weight
-21.46
Diet
Crayfish
-19.49
Macroinvertebrate
-18.65
Fish
-19.95
Crayfish+Macroinvertebrate
-18.36
Crayfish +Fish
-19.50
Crayfish+Fish+Macroinvertebrate -18.60
Fish+Macroinvertebrate
-19.22
Largemouth Bass
Fragments
Models
Characteristics
Age
Sex*
Weight
Length
Age + Sex
Age + Length
Age + Weight
Age + Sex + Length
Age + Sex + Weight
Age + Sex + Length + Weight
Sex + Weight
Sex + Length
Sex + Weight + Length
Length + Weight
Diet
Crayfish
Fish
Crayfish +Fish
Spotted Bass
Fragments
Models
Characteristics
Age
Sex
Weight
Length
Age + Sex
Age + Length
Age + Weight
Age + Sex + Length
Age + Sex + Weight
Age + Sex + Length + Weight
Sex + Weight
Sex + Length
Sex + Weight + Length*
Length + Weight
Diet
Crayfish
Fish
Crayfish +Fish

R2
0.165
0.008
0.139
0.108
0.189
0.171
0.181
0.189
0.204
0.206
0.156
0.152
0.158
0.142
0.003
0.042
0.036
0.043
0.036
0.093
0.093

Characteristics
Age
Sex*
Weight
Length
Age + Sex
Age + Length
Age + Weight
Age + Sex + Length
Age + Sex + Weight
Age + Sex + Length + Weight
Sex + Weight
Sex + Length
Sex + Weight + Length
Length + Weight
Diet
Crayfish
Macroinvertebrate
Fish
Crayfish+Macroinvertebrate
Crayfish +Fish
Crayfish+Fish+Macroinvertebrate
Fish+Macroinvertebrate

QAIC
-12.50
-14.22
-12.15
-12.13
-13.92
-12.21
-11.81
-13.52
-12.64
-12.30
-13.78
-13.72
-13.41
-12.44

R2
0.002
0.054
0.002
0.014
0.054
0.032
0.002
0.063
0.063
0.065
0.054
0.055
0.057
0.038

-14.41
-12.55
-11.69
-13.82
-11.69
-14.72
-11.08

0.046
0.001
0.053
0.049
0.121
0.131
0.058

Sheets
Models

QAIC
-10.81
-11.63
-10.16
-10.13
-11.07
-9.97
-9.70
-10.39
-10.11
-9.65
-10.64
-10.93
-10.19
-10.18

R2
0.147
0.036
0.179
0.137
0.170
0.150
0.180
0.216
0.220
0.224
0.220
0.216
0.224
0.189

-13.24
-13.50
-12.72

0.177
0.038
0.178

Characteristics
Age
Sex
Weight
Length
Age + Sex
Age + Length
Age + Weight*
Age + Sex + Length
Age + Sex + Weight
Age + Sex + Length + Weight
Sex + Weight
Sex + Length
Sex + Weight + Length
Length + Weight
Diet
Crayfish
Fish
Crayfish +Fish

QAIC
R2
-18.26 0.302
-13.94 0.059
-17.19 0.194
-16.96 0.150
-16.74 0.327
-17.88 0.355
-18.31 0.379
-17.47 0.362
-17.36 0.392
-16.49 0.392
-15.45 0.223
-15.39 0.207
-14.67 0.223
-16.31 0.208
-17.98
-14.86
-16.95

0.256
0.048
0.260

QAIC
-17.48
-17.60
-17.43
-17.41
-16.67
-17.04
-17.10
-15.92
-15.98
-14.99
-16.69
-16.86
-15.74
-16.64

R2
0.001
0.073
0.000
0.000
0.074
0.002
0.004
0.076
0.074
0.083
0.074
0.073
0.082
0.000

Sheets
Models
QAIC
-7.45
-10.01
-7.37
-7.56
-10.27
-7.11
-7.21
-13.56
-10.96
-13.99
-11.28
-13.23
-14.47
-7.01

R2
0.001
0.136
0.002
0.000
0.249
0.001
0.003
0.520
0.294
0.665
0.293
0.484
0.659
0.012

-8.64
-7.50
-8.38

0.043
0.001
0.043

Characteristics
Age
Sex*
Weight
Length
Age + Sex
Age + Length
Age + Weight
Age + Sex + Length
Age + Sex + Weight
Age + Sex + Length + Weight
Sex + Weight
Sex + Length
Sex + Weight + Length
Length + Weight
Diet
Crayfish
Fish
Crayfish +Fish

-17.79 0.041
-22.01 0.299
-21.56 0.305
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Fibers
Models
Weight
Weight+Crayfish
Weight+Fish
Weight+Crayfish+Fish

Fibers
Models
Age + Sex*
Age+Sex+Crayfish
Age+Sex+Macroinvertebrate
Age+Sex+Fish
Age+Sex+Crayfish+Macroinvertebrate
Age+Sex+Crayfish +Fish
Age+Sex+Crayfish+Fish+Macroinvertebrate
Age+Sex+Fish+Macroinvertebrate

QAIC
-27.98
-30.56
-29.61
-32.51

QAIC
-23.23
-22.31
-21.80
-21.01

QAIC
-37.25
-35.97
-36.55
-36.71
-35.27
-35.79
-35.20
-36.06

R2
0.717
0.759
0.754
0.810

R2
0.014
0.039
0.048
0.057

R2
0.382
0.383
0.385
0.403
0.386
0.403
0.408
0.408

Smallmouth Bass
Fragments
Models
Sex + Length*
Sex+Length+Crayfish
Sex+Length+Macroinvertebrate
Sex+Length+Fish
Sex+Length+Crayfish+Macroinvertebrate
Sex+Length+Crayfish +Fish
Sex+Length+Crayfish+Fish+Macroinvertebrate
Sex+Length+Fish+Macroinvertebrate
Largemouth Bass
Fragments
Models
Sex
Sex+Crayfish
Sex+Fish
Sex+Crayfish +Fish
Spotted Bass
Fragments
Models
Sex + Weight + Length
Sex + Weight + Length+Crayfish
Sex + Weight + Length+Fish
Sex + Weight + Length+Crayfish +Fish

QAIC
-14.47
-13.85
-14.36
-14.55

QAIC
-11.08
-12.00
-11.05
-11.36

QAIC
-23.56
-22.44
-22.33
-23.14
-22.46
-21.08
-20.42
-21.71

R2
0.659
0.661
0.698
0.709

R2
0.110
0.321
0.140
0.322

R2
0.152
0.156
0.194
0.171
0.200
0.181
0.239
0.225

Sheets
Models
Sex
Sex+Crayfish
Sex+Fish
Sex+Crayfish +Fish

Sheets
Models
Age +Weight
Age +Weight+Crayfish
Age +Weight+Fish
Age +Weight+Crayfish +Fish

Sheets
Models
Sex
Sex+Crayfish
Sex+Macroinvertebrate
Sex+Fish
Sex+Crayfish+Macroinvertebrate
Sex+Crayfish +Fish
Sex+Crayfish+Fish+Macroinvertebrate
Sex+Fish+Macroinvertebrate

QAIC
-17.60
-19.12
-19.27
-19.85

QAIC
-18.31
-17.60
-17.60
-16.76

QAIC
-13.28
-14.08
-12.55
-11.53
-14.92
-14.92
-13.34
-13.87

R2
0.073
0.173
0.337
0.367

R2
0.379
0.379
0.379
0.380

R2
0.054
0.093
0.055
0.117
0.182
0.182
0.094
0.188

Table 5. Forward regression of the top population characteristic model with dietary variables. Top model is bolded and
highlighted. R2 values are Mc Fadden’s pseudo-R values. An excellent value for McFadden’s pseudo-R is a value between
0.2-0.4 (Hensher & Stopher, 1979). Top models indicated have QAIC scores within 2 deviations of the top model. Where all
models were within 2 QAIC and no significant relationships occurred, it was determined that a best model did not exist.

Fibers
Models
Sex + Weight + Length
Sex + Weight + Length+Crayfish
Sex + Weight + Length+Fish
Sex + Weight + Length+Crayfish +Fish
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Appendix
Figures

Figure 1. Frequency of black bass by length binned by 100 mm length classes. Smallmouth bass display a higher
frequency of smaller individuals with greatest frequency in the 150-250mm size range. Largemouth bass and
smallmouth bass display unimodal distribution of size classes.
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Figure 2. Number of black bass in each age class. Black bass were aged using otoliths using
crack and burn procedure detailed in (Brown, 2022).
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Tables
Table 1. Number of black bass caught and frequency of occurrence, frequency by number,
frequency by weight and importance of prey items by species in Pt. Marion pool in fall 2019.
N
Smallmouth Bass

Largemouth Bass

Spotted Bass

37

27

28

Prey
Crayfish
Fish

%Fi
37.04
59.26

%Ni
36.67
60.00

%Wi
15.50
84.51

%IRI
4.96
29.22

Macroinvertebrate
Crayfish
Fish

3.70
48.57
51.43

3.33
48.48
51.52

63.93
36.07

0.28
13.37
24.31

Macroinvertebrate
Crayfish
Fish

62.50
38.00

66.67
33.33

43.27
56.73

18.68
9.18

Macroinvertebrate

-

-

-

-
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Table 2. The percent frequency of fish taxa consumed by each species.
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Table 3. Total microplastic count, total microplastic count by shape and percent composition of
microplastics in the three black bass species examined (Chapter 1).
Season

Species
Smallmouth Bass

Fall

Largemouth Bass
Spotted Bass
Smallmouth Bass

Spring Largemouth Bass
Spotted Bass

Mean
Range
Mean
Range
Mean
Range
Mean
Range
Mean
Range
Mean
Range

Total Plastics
58
5 - 281
63
20 - 191
44
11 - 153
60
17 - 170
70
12 - 227
27
5 - 102

Fibers
10
0 - 37
12
3 - 24
14
2 - 86
15
4 - 18
8
4 - 18
9
0 - 29

Foam Fragments Sheets % Fibers % Foam % Fragments % Sheets
4
19
24
0 - 68
0 - 86
0 - 187
18
7
33
42
6
25
20
0 - 123
0 - 81
0 - 45
19
10
40
32
0
20
9
0-5
0 - 139
0 - 39
33
0
47
21
0
28
16
0-3
6 - 104
0 - 48
25
0
47
27
50
6
6
0 - 205
0 - 33
0 - 16
11
71
9
9
12
10
4
0 - 84
0 - 75
0 - 24
26
34
29
11
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Chapter 4:
Microplastic consumption in sympatric riverine black bass species in the Upper Ohio Drainage
over time and between rivers

Abstract
Microplastic has been identified as a ubiquitous pollutant and its consumption is recorded
in several fish species. Moving beyond its presence, little is known about its dynamics within
systems and how fisheries ecology interacts with its consumption. In this study microplastic
consumption is examined in three sympatric species: smallmouth, Micropterus dolomieu,
largemouth, Micropterus salmoides, and spotted bass, Micropterus punctulatus, across years to
determine interannual variation. Microplastic consumption on the Kanawha River is then
compared to values derived from the same procedure on the Monongahela River to examine
differences. Limited significant relationships are identified when interannual consumption
patterns of microplastic is examined on the Kanawha River although interspecies comparisons
show significant differences between years. Between the Monongahela River and Kanawha
River, significant differences exist in intraspecies consumption. The study concludes that
although both sites encompass an urban center, patterns of microplastic consumption are unique
to the river system suggesting that results in one system are not transferable to another.

Scientific Significance Statement
Microplastic pollution is an emerging understudied issue impacting freshwater
ecosystems with the potential to negatively impact the health of fisheries. Due to the relative
newness of the field of microplastic ecology, little temporal information is known about
microplastic consumption in fish in riverine environments. In this study, we analyze microplastic
consumption for two consecutive years in sympatric black bass species to determine how
microplastic consumption patterns shift in the Kanawha River. Three black bass sympatric
species smallmouth, Micropterus dolomieu, largemouth , Micropterus salmoides , and spotted
bass, Micropterus punctulatus, are used to explore variation in ecologically similar species.
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Microplastic consumption is then compared between the Monongahela River and the Kanawha
River.

Introduction
Rivers should be the central focus of the emerging microplastic pollution issue due to
their pivotal role in transporting 70-80% of microplastic found in the ocean, yet they remain
highly understudied (Horton et al., 2017; Li et al., 2018; Vince & Hardesty, 2018). It was not
until recently that microplastic was categorized as an emerging threat to freshwater ecosystems,
despite its recognition in marine environments (Grigorakis & Drouillard, 2018). Microplastics
are any plastic particles under 5 mm in length (Estahbanati & Fahrenfeld, 2016). Microplastic
has been found ubiquitously in aquatic and terrestrial environments due to its dominance in man
made products (Vince & Hardesty, 2018). It is known that a wide variety of sources contribute
microplastic pollution into rivers such as urban centers, wastewater treatment plants and
biosolids applied to fields however the interaction has not been quantified (Estahbanati &
Fahrenfeld, 2016; de Carvalho et al., 2021). Rivers act as vectors of microplastic movement as
well as storage reservoirs with spatial and temporal patterns of accumulation resulting as an
interaction between the plastic polymer type, the hydrology, and the landscape (McNeish et al.,
2018; Hoellein et al., 2019; Wicaksono et al., 2021). Consumption of microplastics has been
acknowledged in a wide variety of fish species but focus on riverine fish in situ has been limited
(Zheng et al., 2018).
Consumption of microplastic is theorized to occur either directly or indirectly. Directly
occurs when the fish misidentifies a microplastic particle as prey and consumes it (Roch et al.,
2020). Indirect consumption occurs when the fish consumes a piece of microplastic while
performing regular activities, while consuming a prey item or through biomagnification (Roch et
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al., 2020). Primarily research concerning microplastic accumulation in fish has focused on
potential biomagnification and trophic transfer (Provencher et al., 2019). However, correlations
between microplastic count and feeding guilds have been inconclusive and contradictory (Vendel
et al., 2017; McNeish et al., 2018; Andrade et al., 2019). Indirect consumption through
accidental ingestion has not been the focus of most research; however, recognition is growing. In
lab experimentation, Bowen et al. (2021) found that fiber ingestion occurred passively in
largemouth bass, Micropterus salmoides, and that regurgitation of fibers occurred less often in
the presence of food. In Roch et al. (2020) they theorize that small particles could also be
ingested with water. Through experimentation they found that visual and chemosensory foragers
consume microplastic particles passively and find that fish size, the presence of food and
microplastic concentrations impact the accumulation of microplastic in the digestive tract (Roch
et al., 2020). This was further supported by Sale-Ribeiro et al. (2020) which found that 1-5µm
particles were ingested without food or fish oil.
Freshwater fish already face a bevy of threats, including climate change and high rates of
extinction, now face microplastic pollution, a compounding unquantified stressor with unknown
consequences in situ (Warren & Burr, 1994; Ricciardi & Ramussen, 2001). Microplastic is not a
singular entity. It is composed of a wide array of polymers with additives such as coupling
agents, plasticizers, colorants, stabilizers, lubricants, and flame-retardants (Jovanoic, 2017). The
type of polymer and its additives will cause different impacts in an organism. Generally, the
consumption of microplastic is detrimental to the digestive tract because it causes sublethal
damage such as irritation to the stomach and intestines, tissue damage, and feelings of false
satiation, impacting the individuals’ energy intake (Bellasi et al., 2020). Microplastic have also
been noted to cause cytotoxicity and oxidative stress (Jonvanoic, 2017). Size and shape of the
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particle plays a role in both the movement through the digestive tract, the impact on the organism
and its ability to translocate (Kim, 2020; Sales-Ribeiro et al., 2020; Roch et al., 2021). Smaller
microplastics have the potential to cross the intestinal barrier, translocating into other tissues in
juvenile and adult fish (Kim, 2020; Mcllwraith et al., 2021). In larval fish, nano and micron sized
polystyrene microspheres were shown to translocate through the epidermis of goldfish,
Carassius auratus, into the muscle tissue (Yang et al. 2020). Additives have the potential to
leech from microplastic particles over time, having their own deleterious impacts on the fish
(Jonvanoic, 2017). Microplastics have also been shown to absorb and transport polychlorinated
biphenyls (PCBs), persistent organic pollutants (POPs), polybrominated diphenyl ethers
(PBDEs), metals, bacteria, and other pathogens into aquatic life (Bellasi et al.,2020).
Microplastics vector capacity and impact are debated and are dependent on the characteristics of
the plastic polymer type, size and the environment (Hartmann et al., 2017).
Sympatric species, defined as closely related species that display similar ecological roles,
overlap in distribution, and consume similar prey types, have the potential to provide a unique
perspective on microplastic consumption. The use of sympatric species minimizes differences
and in previous studies with marine fish elucidated the importance of feeding habits and behavior
in the consumption of microplastic in coastal dolphins (Di Beneditto & Ramos, 2014). Our study
examines in situ consumption of microplastic in sympatric black bass, largemouth, Micropterus
salmoides, smallmouth, Micropterus dolomieu, and spotted bass, Micropterus punctulatus. These
species are economically and environmentally important since they are considered keystone
species that support large recreational freshwater fisheries (Stepien et al. 2007; Taylor et al.,
2019). Little is known about black bass microplastic consumption however black bass species
are a widely studied fish making them an ideal study species due to the large knowledge base on
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their life history in a variety of systems (Schindler et al., 1997; Scott & Angermeier, 1998; Pert
et al., 2002; Churchill & Bettoli, 2015).
In this study we aim to assess microplastic consumption on three levels of resolution:
total microplastic consumption, microplastic consumption by shape and microplastic
consumption by shape and size, in three sympatric black bass species. Total microplastic
consumption is included due to its prevalence in the literature despite the lack of informative
resolution and environmental dynamic significance. Total by shape is included as well as shape
and size. Shape (fiber, fragment, foam, and sheet) is included as a coarser metric since it can help
identify the source (Rochman et al., 2019). Shape and size are the finest metric and most relevant
to environmental fate since movement in the environment is a byproduct of the density. The
variability of these three metrics in the three sympatric species is used to determine potential
differences due to sample population characteristics, space, and time. The objectives of this study
are: (1) Determine the microplastic consumption composition for black bass species on the
Kanawha River and identify potential differences between the sympatric species; (2) Examine
potential temporal variability annually on the Kanawha River; (3) Compare this study to our
previous study on the Monongahela River to determine within species differences in
consumption. Overall, it is hypothesized that the three metrics will demonstrate different results
annually, highlighting the need for higher resolution reporting and potential standardization. It is
hypothesized that although smallmouth, largemouth, and spotted bass are sympatric species with
similar diets, their microplastic total and shape totals will display significant differences in their
accumulation of microplastic corresponding to their species ecology. Within species variation in
consumption of microplastic is hypothesized. Differences in microplastic consumption due to
differences in the flow regime between years will demonstrate differences in the microplastic
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consumed by black bass species by altering the amount within the system. Intraspecific variation
may also be impacted by changes in dietary uptake mechanisms due to changing consumption
patterns. Between rivers it is expected that consumption will not be similar due to dietary
differences and hydrological characteristics.

Methods
Study Sites
During Fall 2019 (10/16 and 10/17) and 2020 (10/6 and 11/17) fish were collected from
the Kanawha River (Winfield Pool) by the WVDNR by boat electrofishing and provided fresh or
frozen (Table 1-3; Figure 1). Study site conditions of sampling are reviewed due to their
potential importance to bioavailability of microplastic pollution (Cheung et al., 2019; de
Carvalho et al., 2021).
The Kanawha River is a tributary of the Ohio river, which contributes the highest load of
microplastic to the Mississippi River, ~83 microplastics per liter (Scircle, 2020). The Kanawha
River flows through two HUC 8 watersheds, the Lower Kanawha, and Upper Kanawha River
watersheds (Medlock et al., 2017). The study area, Winfield Pool, runs along the state’s capital
and largest population center, Charleston, WV. The Winfield Pool begins with the Marmet Lock
and Dam and ends with the Winfield Lock and Dam. The headwaters of the Kanawha River
contain lock and dams which act as potential barriers to microplastic movement (Watkins, 2019).
The Kanawha River experienced a high number of flushing events during fall 2019 with high
variation from August 31st until October 26th (Figure 2). After October 26th variation in
discharge decreases. The hydrograph for fall 2020 is visually distinct from its 2019 counterpart
(Figure 3). In fall 2020 the Kanawha River experienced greater than the 80-year average flows as
well as some steep declines in discharge around September 26th and October 10th. Oscillations
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in discharge were not as frequent although overall the range of discharge experienced over the
sample period was greater than fall 2019 (Figure 4 & 5).
Processing
At West Virginia University fish were processed according to the sample processing and
contamination methodology in chapter 2 for microplastic within the digestive tract. In the
protocol, prey items are identified, and the fullness of the stomach is determined to be empty,
partially full, or full. This protocol also records the total number of microplastics in each shape
(fiber, foam, fragment, & sheet) as well as counts broken out by shape and size range (>500μm,
500-300μm, 300-212μm, 212-106μm and 106-20μm). Due to an increase in inaccurate
identification of the 106-20μm size class in the literature this size class is summarized but not
included in analysis (O’Connor et al., 2020). Contamination is recorded in the Appendix of
Chapter 2.
Analysis
Dietary analysis was conducted for fall 2019 and fall 2020 for the Kanawha River.
Dietary analysis consisted of determining the percent frequency of occurrence (Fi) each prey
category according to the equation:
Fi = (F/Ft) *100
Where F is the number of stomachs containing the food item, and Ft is the total number of
stomachs examined (Barletta et al., 2020). The percentage of prey abundance by number was
also calculated:
%Ni = (Ni/Nt) *100

161

Where Ni is the count of a food item and Nt is the total number of that food item in the stomachs
examined.
Mean, maximum and minimum were determined for total plastic count, count by shape
(fiber, foam, fragment, and sheet) and count by shape and size (e.g., total count >500μm fiber,
total count 500-300μm fiber, total count 300-212μm fiber, 212-106μm fiber and 106-20μm fiber)
for fall 2019 and fall 2020. The percent composition of microplastic by shape and size was also
calculated.
Analysis was conducted using R statistical software. Total microplastic count, count by
shape and count by shape and size were treated as continuous response variables. General
linearized models, Quasi-Poisson models with a log link function, and where appropriate
contrasts, were used to determine correlations. McFadden’s pseudo-R value was reported for all
comparisons (Hensher & Stopher, 1979). An excellent value for McFadden’s pseudo-R is a value
between 0.2-0.4 (Hensher & Stopher, 1979). Standard error was calculated by first recreating the
model using a Poisson distribution and then multiplying the standard error of the dependent
variable from the Poisson distribution by the square root of the dispersion value.
Quasi Poisson general linearized models and contrasts were used to determine within
species and between species correlations in annual microplastic consumption and total
microplastic count, count by shape and count by shape and size (Chapter 1). Kruskal Wallace
tests were used to determine if species exhibited correlations between count measures and
fullness.
Finally, total microplastic count, count by shape and count by shape and size was
compared between data previously collected and processed in the same manner in the Point
Marion Pool, Monongahela River during fall 2019 and the Winfield Pool, Kanawha River during
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fall 2019 to determine if significant correlations (p≤0.05) exist between the river the fish
occupied and counts.

Results
Fish diets and Population Characteristics
For temporal comparisons in the Kanawha River, microplastics consumed by 17-35 of
each species were analyzed in Fall 2019 and 20-33 of each species in Fall 2020. Diets were
summarized to determine differences between species that may impact microplastic counts.
During 2019 smallmouth bass and spotted bass had notably higher frequencies of fish in
the diet compared to largemouth bass (61%, 24% and 85%) (Table 1). Frequency of occurrence
of fish in the diet shifts notably in 2020 with smallmouth bass fish consumption decreasing to
38% and spotted bass decreasing to 30%. Largemouth bass fish consumption increases to 62%.
Crayfish consumption occurred in less frequency during fall 2019 than fall 2020 for all three
species. Spotted bass demonstrated an increase in crayfish consumption frequency from 15%
during fall 2019 to 65% during fall 2020. During Fall 2019 crayfish consumption was similar
between smallmouth and spotted bass (~2%) but diverged in 2020 with spotted bass consuming
more crayfish than smallmouth bass, 65% and 15% respectively. Although frequency of
occurrence was similar, frequency by number across species was not. Macroinvertebrate
consumption was highest in largemouth bass during fall 2019 (29%) while 2020 invertebrate
consumption was not found. Frequency of occurrence of macroinvertebrate consumption was
higher in 2019 (14%) than 2020 (6%) in smallmouth bass.
Fish constituted more of the diet by number of smallmouth bass and spotted bass (61%
and 85%) than they did largemouth bass in 2019 (Table 2). In 2020 the percent by number of fish
in the diet more than doubled from 24.12% in 2019 to 62% in 2020. The percent by number of
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fish decreased in smallmouth bass and spotted bass in 2020 (38% and 30%). The percent by
number of crayfish also increased in the diet of largemouth bass in 2020 with a decrease in
invertebrates. Spotted bass also saw a notable increase in the number of crayfish consumed in
2020 when compared to 2019 (15% and 65%).
Black bass size can influence consumption patterns and potentially microplastic
consumption patterns (Figure 6). In 2019 smallmouth bass samples were mainly composed of
individuals 75 - 175 mm while in 2020 the frequency distribution is shifted to the right with most
individuals in the 125 – 275 mm range. In 2019 largemouth bass samples represented a relatively
unimodal size distribution. Frequency of lengths were slightly higher for the 75 - 225 mm size
range. The 2020 largemouth bass sample was composed mainly of 225 – 375 mm individuals.
Spotted bass demonstrated very similar size ranges between years with slightly less fish in 2020.
Chi-squared tests were used to determine if size structure was significantly different within
species between years and potential interspecies differences. No significant relationships were
found.
Interannual Microplastic Consumption in the Kanawha River
Total microplastics and total microplastics by shape was summarized for Fall 2019 and
Fall 2020 (Table 3). Microplastics were found in all fish examined. In 2019 mean microplastic
concentrations were similar between smallmouth bass and largemouth bass (29 pieces) however
the composition of plastic within the digestive tract differed. Foam composed the largest average
component of microplastic in largemouth bass (39%) followed by sheets and fibers (29% and
21%). Smallmouth bass consumption was composed mostly of sheets (39%) followed by fibers
and fragments (36% and 25%). Largemouth bass also demonstrated a greater range of total
microplastics counts (4-167 pieces) overall than the other two species. Spotted bass had lower
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mean concentrations of microplastic (18) and a composition more like smallmouth bass than
largemouth bass. Smallmouth bass consumed primarily fibers, 39%, followed by sheets and
fragments (33% and 28%).
In 2020, the average number of microplastics found within the fish increased across the
three species but patterning remained the same (Table 3). Largemouth bass and smallmouth bass
had similar mean total microplastic concentrations, 46 pieces and 45 pieces respectively, and
spotted bass contained the least (23 pieces). Smallmouth bass consumed more sheets on average
than the previous year (22 pieces) and it composed a higher percentage of the total microplastic
consumed (48%). Smallmouth bass also consumed foam during 2020, the range across
individuals was 0-132 pieces. Largemouth bass in 2020 saw a more general increase, where all
mean microplastic shapes increased with the mean fiber count approximately tripling from 6
pieces to 19 pieces. Spotted bass demonstrated similar mean counts by shape +/-2. Foam was
represented in all three species in 2020 (Table 3). Across size classes means are evenly spread
with a lack of over representation of any size class of a shape, shifts in the general patterning
from Table 3 comes from shifts in the ranges of the number of particles found (Table 4 - 7).
Quasi Poisson regression and comparisons determined that there were few annual
differences for total plastics and total plastics by shape within species (Table 8). Smallmouth
bass exhibited significant differences (p ≤ 0.05) in total plastics between the two years but did
not exhibit significant differences between total plastics by shape. Counts were higher on
average in 2019 than 2020 (Table 3). Largemouth bass exhibited significant differences in the
total fibers found within the digestive tract between fall 2019 and 2020, with larger counts in
2020 (Table 3 & 8). Spotted bass total microplastic consumption and total by shape did not vary
significantly between years. When examined by shape and size, only size distribution of fibers in
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smallmouth bass exhibited annual differences (Table 9). Significant annual differences occurred
in the count of fibers >500μm, 300-212μm and 212-106μm (Table 9).
Interspecies comparisons within years demonstrated that consumption of total
microplastic was not distinct between the species (Table 10). In 2019 largemouth bass and
smallmouth bass demonstrated significant differences in their consumption of total fibers and
total foam. Largemouth bass had higher counts of foam while smallmouth bass had higher counts
of fibers (Table 3). There were no significant differences between species in 2020 at the shape
level. More fine scale patterns arise when examined by shape-size as was seen in Chapter 2. In
2019 significant differences arise between largemouth bass and smallmouth bass in fibers
>500μm and smallmouth bass and spotted bass in fibers 300-212μm (Table 11). In both instances
higher consumption in smallmouth bass was observed. In 2020 Largemouth bass was
significantly different from smallmouth bass and spotted bass in fibers 300-212μm and 212106μm and in both instances contained higher counts (Table 4, 11). In 2019 the consumption of
foam was significantly different between largemouth and smallmouth bass, with largemouth bass
containing higher counts (Table 5, 10). In 2020 differences arise in the consumption of sheets
>500μm and 500-300μm between largemouth bass and smallmouth bass and >500μm and 500300μm between spotted bass and smallmouth bass (Table 11). In all instances smallmouth bass
contained higher counts of sheets. Fragments did not display fine scale patterns between the
species.
Despite the lack of significant differences between years, the relationship between
fullness and total microplastic counts and counts by shape demonstrated different relationships
from year to year in the Kruskal Wallis results (Table 12). Smallmouth bass total microplastic
consumption was the only significant result from 2019 and indicated that total microplastic count
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in the digestive tract was correlated with fullness. In 2020 total microplastic count was not
correlated with fullness for smallmouth bass, but total fiber count and total fragment count was.
Largemouth bass also exhibited a significant correlation between fullness and total count of
fibers within the digestive tract in 2020.
Comparing the Two Navigable Rivers
Uptake of microplastics via consumption is hypothesized to be a major pathway of
uptake and as such diets of the sympatric species in each river was important to consider in
understanding observed microplastic patterns in bass. Black bass from the Monongahela River
consumed fish in ~10% less frequency than black bass on the Kanawha River (Table 1,
Appendix: Table 1). Additionally, black bass from the Monongahela River consumed crayfish in
higher frequency, however patterning was similar with smallmouth bass consuming the least and
spotted bass consuming the most, 18.92% and 35.71% respectively (Table 1, Appendix: Table
1). Smallmouth bass were the only species to consume macroinvertebrates on the Monongahela
River. When percent by number is examined potential differences between the two rivers are
more pronounced (Table 2, Appendix: Table 2). Largemouth bass consumed 24.14% fish by
number on the Kanawha River compared to the Monongahela where 51.43% were consumed.
Largemouth bass also consumed more crayfish when examined by percent number in the
Monongahela River than the Kanawha River, 48.57% and 1.72% respectively. Spotted bass
exhibited a higher percent number of fish in the Kanawha River (85.19%). No significant
differences existed in the size structure of the samples.
Microplastic composition also differed between rivers. Smallmouth bass in the
Monongahela River were found to consume foam 7% of their microplastic composition on
average with an average of 4 pieces and a range of 0-68 pieces. In contrast, foam was not found
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in smallmouth bass in the Kanawha River. In both rivers largemouth bass consumed foam, but
the consumption of foam was greater in the Kanawha River on average, 11 pieces. Fragments
were consumed in higher quantities in the Monongahela River than the Kanawha River. Spotted
bass consumed four times more fragments on the Monongahela River than Kanawha River in all
three species. Similarly, large shifts are noted in largemouth bass where the average fish contains
3 fragments on the Kanawha while on the Monongahela, they contain 25 pieces. Ranges of
observed fragments in all three species is larger in the Monongahela River than the Kanawha
River. Fiber counts are similar between smallmouth bass on the Monongahela and the Kanawha
River (10 pieces) although fibers made up a higher proportion of the overall microplastic found
in smallmouth bass on the Kanawha River. Largemouth bass demonstrated higher counts of
fibers in the Monongahela River although it composed a similar proportion of the overall
microplastic composition.
When the size fraction of shapes is examined between the two rivers, the Monongahela
River had larger ranges of smaller size fractions of fibers, 300-20μm, than the Kanawha River
(Table 4, Appendix: Table 3). Similar results were found when foam was examined by size
(Table 5, Appendix: Table 4). Largemouth bass demonstrated higher ranges and counts of larger
foam fragments, than the Monongahela River, while the Monongahela River displayed higher
ranges in the smaller size fractions. Patterning is similar for size fractionation of fragments but
not sheets (Table 5,6; Appendix: 5,6)
Intraspecies variation in microplastic consumption between rivers determined through
Quasi Poisson modeling and contrasts determined that there were significant differences in the
microplastic consumption between black bass in the Monongahela River and black bass in the
Kanawha River during Fall 2019 (Table 13). Spotted bass was the only species to exhibit
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significant differences in total microplastic counts, but all three species exhibited biologically
and statistically significant differences in shape by count. Each species displayed significantly
more fragments in the Monongahela River than the Kanawha River. Spotted bass and
Largemouth bass demonstrated significantly more fibers in the Monongahela than the Kanawha
River. When examined by shape and size, fragments sizes 500-300μm and 300-212μm
demonstrate higher counts in the Monongahela than the Kanawha River (Table 14). Spotted bass
demonstrates higher counts of >500μm while largemouth and smallmouth bass exhibit higher
212-106μm counts. Other differences were specific to one species or the other. Smallmouth bass
demonstrated a significant increase in the amount of foam consumed >500μm and sheets in the
300-212μm size range. Largemouth bass had increased fibers in the 212-106μm range while
spotted bass had an increase in the 212-106μm range.

Discussion
This study is significant because it is the first known study to assess microplastic
consumption in sympatric species across years in a riverine system. Intraspecies variation was
unexpectedly low. Smallmouth bass was the only species to exhibit changes in total microplastic
between years and largemouth bass only exhibited differences in fibers due to shifts in fibers by
size. This limited variation is surprising due to differences in diet composition expressed as
frequency of occurrence and percent by number as well as differences in flow regime between
years. All three black bass species display similar feeding shifts of fish between years and exhibit
marked changes in their consumption of crayfish, yet there are no significant differences in the
microplastic total counts for largemouth or spotted bass. Largemouth and spotted bass tend to
occupy more vegetated embayment habitats, while smallmouth bass are found more frequently in
open water spaces (Miranda et al., 2021). For smallmouth bass to exhibit a significant difference
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in total microplastic count but not total by shape, the totals by shape must increase enough to
shift the lambda of the total count but not significantly shift the lambda of the individual shape
counts between the two years. This seems to suggest a collective increase in smallmouth bass
microplastic bioavailability between years. The punctuated differences between smallmouth bass
and the other two species suggests that habitat residency may play a role.
The Kanawha River displayed notably different flow regimes between 2019 and 2020. In
2019 discharge was lower than the 80-year average with large magnitude fluctuations occurring
more frequently than 2020. Despite this, mean microplastic counts by shape and ranges of
microplastics consumed overall are lower in 2019 than 2020. This seems to contradict de
Carvalho et al. (2021) which found that there are more microplastic particles when discharge is
low, increasing concentrations and potentially consumption, as was found in Bowen et al.
(2020). Similar findings were recorded in experimental treatments conducted by Watkins et al.
(2019) where they noted that their low flow conditions had significantly higher concentrations of
microplastic than high flow and that flow was correlated with microplastics found in the
experimental stream. The Kanawha River was flashier in 2019 than 2020 potentially impacting
concentrations in the water and indirectly fish consumption. The Kanawha River displays a high
frequency of high magnitude changes in flow prior to October 26th in fall 2019 that it does not
experience in 2020. In 2020 the Kanawha River exhibits more gradual changes in discharge and
less frequent high magnitude changes in discharge which may have allowed microplastic to
accumulate in areas where they were susceptible to ingestion. These frequent high magnitude
changes in flow may have acted as a flushing mechanism that compensated for the reduced
volume, preventing the accumulation of high concentrations. It should be noted that run off from
storm events has been linked to higher concentrations of microplastic in the stream and there
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may be a tipping point where contribution into the stream is greater than the flushing events
capacity to remove it (Hitchcock, 2020). This hypothesis should be further explored and is most
likely impacted by channel morphology, the presence of locks and dams, and landscape
characteristics and would be sensitive to sampling intervals. Its potential highlights the need for
more interdisciplinary work when examining microplastic pollution and consumption by
freshwater species.
Interspecies variation was low at the total microplastic and total microplastic by shape
level, but more fine scale patterns were revealed at the shape and size resolution. Largemouth
bass and smallmouth bass demonstrated significant variation in their consumption of fibers with
smallmouth bass consuming more (Table 8).
Comparing Microplastic Consumption Between Rivers
Between rivers within species comparisons demonstrate the influence of locality on the
results of microplastic studies within fish species and potentially why conflicting evidence exists
in the literature concerning species and feeding guild differences (Vendel et al., 2017; Zheng et
al., 2018; Andrade et al., 2019; Provencher et al., 2019). Although total microplastic count was
only significantly different for spotted bass in the between river comparison, count by shape
were significantly correlated with location. Markedly fragments were significantly different
between the two locations across all three species with higher amounts indicated in the
Monongahela River. Black bass from the Monongahela River consumed crayfish in higher
frequency and in Chapter Three it was determined that abundance of crayfish in the diet was
linked to fragment accumulation in spotted and largemouth bass. Fragment concentrations are a
concern and warrant chemical confirmation with Fourier-transform infrared spectroscopy, FTIR,
because of their potential identification as tire wear dust particles. Tire wear dust particles have
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been directly linked with Coho Salmon, Oncorhynchus kisutch, death in California, USA through
their interactions with ozone which produce 6-PPD quinone (Scholz et al., 2011; Fiest et al.,
2017; Tian et al., 2021). Tire dust particles also have the potential to release metals such as Zn
Cu, Cd, Cr and Pb into the environment (Wagner et al., 2018; Tian et al., 2021). A similar
comparison to the one made here was conducted on the tributaries of Lake Michigan that found
variation in the microplastic consumed by round gobies, Neogobius melanostomus, between
tributaries-- further supporting that variation between sites should be expected (McNeish et al.,
2018). The Monongahela River also demonstrated higher amounts of smaller size fractions of
plastic than the Kanawha River. Smaller size fractions have been linked to passive ingestion and
may suggest differences in the primary uptake of microplastic between locations (Bowne et al.,
2021).
This study like other diet studies assumes that dietary patterns witnessed when the fish
were sampled are representative of whole season behaviors. Sampling was representative of the
size structure and population characteristics of the system overall (Brown, 2022). Temporal
pseudoreplication is another limitation of this study. Fish were collected within the same season,
but not necessarily the same month, so temporal effects may apply. Overall, in the Kanawha
River limited variation occurred between black bass species and within species between years.
Although limited in variation, microplastic consumption can cause physiological damage to fish
and has the potential to carry and release harmful substances like heavy metals in the body and
consumption should be a concern (Rochman 2014; Grigorakis et al., 2018; McNeish et al.,
2018).
Two general conclusions can be taken from this study. First, analysis of total
microplastics alone is not enough and inclusion of smaller sizes is needed. As was found in
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Chapter 2 this study demonstrated that the patterns of microplastic consumption change
depending on the scale of examination and that differences arise depending on the size of
microplastic examined. These findings are supported by Roch et al. (2019) which displayed
differential accumulation of microplastic sizes in laboratory experiments with rainbow trout
(Oncorhynchus mykiss), grayling (Thymallus thymallus), common carp (Cyprinus carpio), and
crucian carp (Carassius carassius). Differential accumulation of sizes was not found in the
Kanawha River but there is support of this phenomenon in the Monongahela River which
suggests that if a wide range of sizes is not examined, then the magnitude of the microplastic
issue may not be fully understood. These smaller plastics have the potential to translocate,
collecting differently in the tissues of smaller than larger fish with physiological impacts still not
fully known (Mcllwraith et al., 2021). Our findings agree with Rochman et al. (2020) which calls
for a rethinking of microplastic as a complex diverse contaminant suite by demonstrating
complex interactions with black bass species and their ecology. For management to act
effectively in the future to reduce microplastic loading and the potential stressor, more detailed
information is needed about the in-situ consumption of microplastic as well as the
characterization of that microplastic. Bowen et al. (2021) found that fiber ingestion occurred
passively however these results may not extend to other plastic shapes such as foam which
behaves differently due to differences in density. Microplastic studies can be time intensive when
separating particles by size and costly when polymers are identified using FTIR. For our
understanding of microplastic pollution to expand, standardized protocols that minimize
contamination but make sample processing fiscally accessible to agencies such as the
Environmental Protection Agency and state natural resources agencies are needed.
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Secondly, our results suggest that consumption of microplastic is not simply a byproduct
of trophic accumulation. These findings are supported by chapter 2 and 3 as well as recent
research supporting passive consumption (Roch et al., 2020; Bowen et al., 2021; Covernton et
al., 2021). Our findings suggest that system specific consumption patterns may be occurring and
that if studied for prolonged periods of time in the same species patterns may arise due to lack of
interannual variability. Taking a shotgun approach and sampling various locations of diverse
species only once may be contributing to what appears as contradictory results. Replication of
protocols and field studies are needed, and generalizations should be avoided, such as trophic
lumping, until a deeper understanding is attained, and such grouping is verified as scientifically
sound for the problem at hand. Patterns of microplastic consumption may not apply between
systems despite their proximity to known contribution sources like urban centers. Further studies
may benefit from studying ecologically similar species over longer time scales, their movement
and microplastic concentrations in the ambient environment with an interdisciplinary landscape
approach.
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Figures & Tables
Figures

Figure 1. Site map of Kanawha River sampling sites. The Kanawha River runs Northwest. The
Sampling location, Winfield Pool, is located between the Marmet Dam and the Winfield Dam.
The urban sprawl along the river is demonstrated in shades of red with the intensity of
development changing with the shade of red.
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Figure 2. Discharge at the Charleston, WV gauge station during the sampling period of fall 2019
on the Kanawha River. Discharge in the Kanawha River was highly variable with frequent
oscillations and low flow events which may concentrate microplastics within the system. From
October 26th until November 9th there’s a notable increase in flow that may have flushed plastics
from the system.
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Figure 3. Discharge at the Charleston, WV gauge station during the sampling period of fall 2020
on the Kanawha River demonstrates different flow regime than the previous year. Flow was
greater than the 80-year average for a considerable portion of the sampling season. This can
potentially dilute the microplastics present in the system or may signify additional runoff of
microplastic pollution into the system.
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Figure 4. Sampling locations on the Monongahela and Kanawha River with the Monongahela
River on the left and Kanawha on the right. Major urban centers are located within each and are
indicated by stars. Sampling for Fall 2019 on the Monongahela River encompassed the Point
Marion pool, from the Morgantown dam northward to the Point Marion dam. Sampling on the
Kanawha River during fall 2019 occurred in the Winfield pool which spans from the Marmet
dam northward to the Winfield dam. Development is spread out along the Kanawha River while
the Point Marion pool exhibits more clustered development toward the Morgantown Dam.
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Figure 5. Watershed views of the Monongahela and Kanawha Rivers with the Kanawha on the
left and Monongahela on the right.
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Figure 6. Length frequency of black bass in 50mm bins sampled in the Winfield Pool, Kanawha
River, WV during fall 2019 and fall 2020.
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Tables
Table 1. Number of black bass caught by species each year and frequency of occurrence of food
items in stomachs. Largemouth bass were underrepresented in the sample from 2019. Overall,
crayfish consumption increased in all three species from 2019 to 2020, while fish consumption
decreased. Shifts in consumption of fish held the general relationship that smallmouth bass
consumed the most, followed by largemouth bass, and spotted bass between years.
Species

Fall
2019
Fall
2020

Smallmouth Bass
Largemouth Bass
Spotted Bass
Smallmouth Bass
Largemouth Bass
Spotted Bass

Number of Fish % Fish % Macroinvertebrate % Crayfish
35
17
30
33
28
20

60.97
24.14
85.18
37.5
61.54
30

26.83
74.14
47.92
5

12.20
1.72
14.81
14.58
38.46
65.00

% Empty
25.71
29.41
36.67
36.36
64.29
20.00
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Table 2. Percent by number of prey items consumed by black bass species in 2019 and 2020.
Although smallmouth bass had the highest frequency of fish in the diet it consumed less percent
by number than largemouth bass in 2020. Spotted bass consistently consumed more crayfish by
number than the other three species.
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SPECIES
Smallmouth Bass
Largemouth Bass
Spotted Bass
Smallmouth Bass
Largemouth Bass

Range

Mean

Range

Mean

Range

Mean

Range

Mean

Range

Mean

Range

Mean

2 - 89

23

14 - 177

46

8 - 144

45

1 - 70

18

4 - 167

29

4 - 114

29

Total
Plastics

0 - 17

8

4 - 44

19

0 - 38

8

1 - 20

7

2 - 16

6

0 - 64

10

Fibers

0 - 69

4

0 - 155

8

0 - 132

7

0-2

0

0 - 160

11

0-6

0

Foam

0 - 34

7

0 - 50

6

0 - 115

9

0 - 28

5

0 - 21

3

0 - 54

7

Fragments

0 - 14

4

0 - 63

12

0 - 136

22

0 - 60

6

0 - 81

8

0 - 105

11

Sheets

35

42

17

39

21

36

% Fibers

17

18

15

0

39

0

% Foam

30

13

20

28

11

25

% Fragments

17

27

48

33

29

39

% Sheets

Table 3. Summary statistics for total microplastics and microplastics by shape for fall 2019 and fall 2020 Kanawha River, West
Virginia Percent composition was calculated for the average individual, average total shape count divided by the sum of the
average total counts of each shape type. In fall 2019 foam composed a larger proportion of microplastics within the stomach than
another other shape. It was the only species to contain foam. In fall 2020 foam was more evenly represented in the three species.
Largemouth bass microplastic composition contained more fibers than foam. Smallmouth bass and spotted bass also demonstrated
shifts in composition. Overall total mean microplastics were higher in 2020 than 2019.

YEAR

2019

2020

Spotted Bass
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Table 4. Summary statistics for size composition for fibers for fall 2019 and fall 2020, Kanawha
River, West Virginia. Between years all three black bass species demonstrate an even average
consumption of sizes with a slight increase in the 106-20μm.
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Table 5. Summary statistics for size composition for foam for fall 2019 and fall 2020, Kanawha
River, West Virginia. Although ranges shift between years, the average representation within
black bass remains the same.
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Table 6. Summary statistics for size composition for fragment for fall 2019 and fall 2020,
Kanawha River, West Virginia. Although ranges shift between years the average representation
within black bass remains the same, like what was seen in foam.
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Table 7. Summary statistics for size composition for sheet for fall 2019 and fall 2020, Kanawha
River, West Virginia. Sheets increased slight between 2019 and 2020 across most size classes in
black bass.
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Table 8. Relationships between years within species on the Kanawha River, West Virginia.
Black bass species overall did not display considerable variation between years. Notably
smallmouth bass demonstrated significant differences between years in total microplastics but
not total by shape. Largemouth bass exhibited an increase in fibers between 2019 and 2020. R2
values reported are McFadden’s pseudo R2 values, where the range of a well-fitting model is 0.2
– 0.4. Dashes indicate insignificant relationships.
Smallmouth Bass
p-value Coefficient Standard Error Dispersion
total
0.0319
1.598
0.214
27.40
fiber
foam
fragment
sheet
-

2

R
0.082
-

Largemouth Bass
p-value Coefficient Standard Error Dispersion
total
fiber
2.00E-04
2.741
0.243
3.29
foam
fragment
sheet
-

2

R
0.334
-

Spotted Bass
p-value Coefficient Standard Error Dispersion
total
fiber
foam
fragment
sheet
-

R
-

2
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Table 9. Yearly variation of shape and count totals within species. R2 values reported are
McFadden’s pseudo R2 values, where the range of a well-fitting model is 0.2 – 0.4. Dashes
indicate insignificant relationships.
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Table 10. Quasi-Poisson comparisons between species determining differences between black
bass within years on the Kanawha River. Interspecies variation was relatively low within years
and patterns were not consistent between years demonstrating interannual variability. R2 values
reported are McFadden’s pseudo R2 values, where the range of a well-fitting model is 0.2 – 0.4.
Dashes indicate insignificant relationships.
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Table 11. Quasi-Poisson comparisons between species by shape and size of microplastic
consumption in 2019 and 2020. Fine scale patterns appear between species that were not visible
at lower resolutions. R2 values reported are McFadden’s pseudo R2 values, where the range of a
well-fitting model is 0.2 – 0.4. Dashes indicate insignificant relationships.
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Table 12. Correlations between fullness and total microplastic count and count by shape.
Correlations were not constant between years within species.
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Table 13. Within species correlations between the Winfield Pool, Kanawha River and the Point
Marion Pool, Monongahela and total microplastic count and count by shape during Fall 2019.
Spotted bass demonstrated distinct differences in their total counts between rivers and all three
species exhibited differences in their composition. R2 values reported are McFadden’s pseudo R2
values, where the range of a well-fitting model is 0.2 – 0.4. Dashes indicate insignificant
relationships.
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Table 14. Within species relationships between total counts by shape and size and annual within
species variation between rivers. Fragment size classes are significantly different in all three
species with higher counts in the Monongahela River than the Kanawha River. R2 values
reported are McFadden’s pseudo R2 values, where the range of a well-fitting model is 0.2 – 0.4.
Dashes indicate insignificant relationships.
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Appendix
Figures

Figure 1. Length frequency of black bass between seasons binned by 50mm bins for spring and
fall in the Point Marion Pool, Monongahela River, WV.
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Tables
Table 1. Frequency of occurrence of diet items in black bass on the Monongahela River, WV
during fall 2019
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Table 2. Percent number of diet items in black bass on the Monongahela River, WV during fall
2019
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Table 3. Total microplastic count, total microplastic count by shape and percent composition of
microplastics in the three black bass species examined in the Monongahela River (Chapter 1).
Species
Mean
Smallmouth Bass
Range
Mean
Largemouth Bass
Range
Mean
Spotted Bass
Range

Total Plastics
58
5 - 281
63
20 - 191
44
11 - 153

Fibers Foam Fragments Sheets % Fibers % Foam % Fragments % Sheets
10
4
19
24
0 - 37 0 - 68
0 - 86
0 - 187
18
7
33
42
12
6
25
20
3 - 24 0 - 123
0 - 81
0 - 45
19
10
40
32
14
0
20
9
2 - 86 0 - 5
0 - 139
0 - 39
33
0
47
21
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SPECIES
Smallmouth
Bass
Largemouth
Bass
Spotted Bass
Smallmouth
Bass
Largemouth
Bass

Mean
Range
Mean
Range
Mean
Range
Mean
Range
Mean
Range
Mean
Range

Total
Plastics >500 μm 500-300 μm 300-212 μm 212-106 μm 106-20 μm % >500 μm % 500-300 μm % 300-212 μm % 212-106 μm
58
1
2
2
2
3
2
3
3
3
5-281
0-16
0-8
0-8
0-9
0-16
63
2
2
2
2
4
3
3
3
3
20-191
0-11
0-7
0-10
0-7
0-20
44
3
3
3
2
4
9
9
9
6
11-153
0-54
0-13
0-10
0-8
0-11
60
1
3
4
3
3
2
5
7
5
17-170
0-6
0-9
0-7
0-7
0-11
70
2
1
1
1
3
6
3
3
3
12-227
0-5
0-3
0-5
0-4
0-9
27
1
2
1
1
3
3
6
3
3
5-102
0-10
0-9
0-6
0-4
0-9

10

9

5

11

6

5

% 106-20 μm

Table 4. Summary statistics of total fiber counts by size in the Point Marion, Monongahela River during Fall 2019, and Spring
2020. Percent composition was calculated for the average individual, average total shape and size count divided by the sum of
the average total counts of each shape type.

SEASON

Fall

Spring
Spotted Bass
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Table 5. Summary statistics of total foam counts by size in the Point Marion, Monongahela River during Fall 2019, and Spring 2020.
Percent composition was calculated for the average individual, average total shape and size count divided by the sum of the average
total counts of each shape type. Foam makes up a relatively small fraction of the total microplastic count in largemouth bass and
spotted bass in the fall of 2019, compared to Spring 2020
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Table 6. Summary statistics of total fragments counts by size in the Point Marion, Monongahela River during Fall 2019, and Spring
2020. Percent composition was calculated for the average individual, average total shape and size count divided by the sum of the
average total counts of each shape type. Smaller sizes continue to compose higher proportions of the microplastic consumed across
seasons.
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Table 7. Summary statistics of total sheet counts by size in the Point Marion, Monongahela River during Fall 2019, and Spring
2020. Percent composition was calculated for the average individual, average total shape and size count divided by the sum of the
average total counts of each shape type.
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Chapter 5
Comparative Dietary Analysis of Black Bass in the upper Ohio River drainage

Abstract
Largemouth bass, smallmouth bass and spotted bass are economically and ecologically
important oftentimes sympatric species. Despite their prevalence, regional gaps exist in their
dietary habits and their dietary habits in sympatry. In the upper Ohio River drainage, Kanawha,
Monongahela and Ohio Rivers, black bass stocks appear to be depressed and little is known of
their dietary habits in these heavily impacted systems. This study aimed to characterize
smallmouth, (Micropterus dolomieu), largemouth (M. salmoides) and spotted bass (M.
punctulatus) diet to elucidate potential areas of dietary bottlenecking that may be impacting the
abundance, growth and condition by examining the index of relative importance. This study
finds that across the three rivers, black bass are displaying unique dietary characteristics that
suggest that high turbidity in these systems may be altering their feeding behaviors.

Introduction
Largemouth bass (Micropterus salmoides), smallmouth bass (M. dolomieu) and spotted
bass (M. punctulatus) are ecologically similar, sympatric, keystone species that shape the aquatic
environments they inhabit (Taylor et al., 2019; Long & Fisher, 2000; Pert et al., 2002). They are
highly plastic and are one of the most introduced species in the world spreading far outside their
native range (García-Berthou et al., 2002; Wuellner et al, 2010; Carey et al. 2011; van der Walt
et al., 2019). Their spread has been albieted by their popularity as sport fish as they are some of
the most popular sport fish in America (Stepien et al. 2007; Carey et al. 2011; Loppnow et al.,
2013). Despite their cultural and scientific popularity and ecological significance, gaps in our
understanding exist about their feeding ecology in the presence of ecologically similar species
and in highly anthropogenically altered rivers.
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All three black bass species have demonstrated complex feeding ecology and have
conflicting reports, describing them as both generalists and specialists (Smith & Page, 1969;
Schindler et al., 1997; Pert et al., 2002). Feeding ecology of the three species appears to be
system dependent and when they coexist, resource partitioning occurs to reduce competition
(Schoener 1974; Scott & Angermeier, 1998; Olson et al 2000; Long & Fisher, 2003). Resource
partitioning describes how species resource use differs impacting the distribution and abundance
(Ross, 1986). For partitions to exist, substantial differences in use must exist. The degree of
partitioning changes with black bass density, habitat and life stages (Goclowski et al., 2013;
Michaletz, 1997; Miranda et al., 2021; Olson et al., 2003). Two forms of resource partitioning
occur primarily between black bass species are supported in the literature: food and habitat.
Food is the most common form of resource partitioning (Ross, 1986). Smallmouth bass
are reported to consume mostly crayfish (Scott & Angermeier, 1998). Largemouth bass have the
largest diet potential of the three black bass species due to their large gape although they tend to
not consume at the upper extent (Schindler et al., 1997). They are considered piscivorous with
high variability and some noted crayfish consumption (Schindler et al., 1997; Long & Fisher,
2000; Braun & Walsher, 2011). Largemouth bass appear to develop semi-permanent foraging
patterns (Schindler et al., 1997; Jo et al., 2016). Of the three species spotted bass are the least
managed, and often managed in ways that benefit largemouth or smallmouth bass (Godbout,
2009; Gocowski et al., 2013; Churchill & Bettoli, 2015). Juvenile and adult spotted bass
consume a mixture of crayfish and fish (Smith & Page, 1969; Scott & Angermeier, 1998; Hart,
2005; Churchill & Bettoli, 2015). Fish species noted in the diets of spotted bass include darters,
cyprinids, and catfishes (Churchill & Bettoli, 2015). Dietary overlap has been noted between
these three species (Pope et al., 2004; Godbout, 2009; Goclowski et al., 2013). When dietary
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overlap is extensive, it has been theorized that the three species’ predatory pressure combine,
acting as one ecological species (Long & Fisher, 2000). Competition is subject to shifts in prey
reliability and abundance and presence of diet overlap does not guarantee it exists. Clady (1980)
found that largemouth bass grew larger and had higher total biomass when in the presence of
sympatric species.
Specialization minimizes overlap but creates population instability since strong predatorprey relationships can cause species fluctuations. Resource overlap has been noted, particularly
between spotted bass and largemouth bass, which inhabit similar habitats potentially creating
competition (Pope et al., 2004; Godbout, 2009; Goclowski et al., 2013).
Habitat partitioning occurs when ecologically similar species perform better in different
habitats within the system (Miranda et al., 2021). Habitat partitioning has been demonstrated
with all three black bass species but differ in their completeness (Churchill & Bettoli, 2015).
The completeness of partitioning changes with black bass density, habitat and life stages (
Michaletz, 1997; Olson et al., 2003; Goclowski et al., 2013; Miranda et al., 2021). Substrate
characteristics appear to be tied to black bass habitat occupancy. Smallmouth bass tend to
occupy cobble habitats with cover (Scott & Angermeier, 1998). Generally spotted bass are noted
as more abundant in fine sediment and both largemouth and spotted bass are found in more
vegetated habitat (Scott & Angermeier, 1998; Goclowski et al., 2013). Spotted bass are
considered habitat generalists, inhabiting intermediate characteristics of the two species (Scott &
Angermeier, 1998; Churchill & Bettoli, 2015). A finer scale resolution, such as vegetation
composition can also impact the spatial distribution of black bass (Dibble and Harrel, 1997).
Anthropogenic disturbances can impact the natural organizational processes, changing the
community structuring (Miranda et al., 2021).

208

The Kanawha, Monongahela and Ohio River have been heavily altered from their natural
state through the incorporation of dams and water pollution. Miranda et al. (2021) suggests that
anthropogenic impacts can alter the structuring mechanisms which may have created distinct
dietary patterns and population interactions within the navigable rivers of West Virginia. Catch
per unit effort of largemouth bass and smallmouth bass is notably low in these systems,
demonstrating reduced populations in West Virginia’s rivers despite improving water quality
since the 1970’s (Waldron & White, 1989; Hedrick et al., 2003; Thomas et al., 2005; Brown,
2022). Also, black bass from these systems display high growth rates at younger ages that
decrease as the fish ages (Brown, 2022). Recent analysis conducted by Brown (2022) found that
although black bass demonstrate body condition that is average to above average, there is a
decrease in condition with age in all three species.
This study aims to characterize smallmouth, largemouth and spotted bass diet in West
Virginia’s navigable rivers to elucidate potential areas of dietary bottlenecking that may be
impacting the growth and condition of the stocks. Additionally, it aims to elucidate consumption
patterns between black bass in heavily impacted and managed systems. It is hypothesized that
black bass in the three rivers will display unique dietary patterns with differing importance of
prey within species between systems that may be attributed to differences in ecosystem
characteristics. Within each system it is hypothesized that habitat partitioning will prevent
smallmouth bass from consuming prey found in the diets of largemouth and spotted bass with
high frequency. Additionally, it is hypothesized that the largemouth bass diet will be more like
spotted bass diet than smallmouth due to habitat residency.

Methods:
Study Systems:
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The Monongahela River and Kanawha River are tributaries of the Ohio River which
drains into the Mississippi River. All three rivers have a long history of impacted conditions due
to water pollution and are considered to be recovering (Pearson and Krumholz 1984; Thomas et
al., 2005; Seegart et al., 2013).
The Ohio River is an 8th order tributary that begins in Pennsylvania and traverses the
Appalachian Mountains. The sampling site is in the upper reaches of the Ohio River. The
Hannibal Pool is one of a series of locks and dams on the Ohio River that have transformed this
lotic system into a more lentic environment (Krumholz & Minckley, 1964). Habitat in this reach
includes a high proportion of hard substrate and although stymied by the dam, represents a more
riverine environment than other portions of the river (Seegart et al., 2013). Smallmouth bass are
the most common black bass species in this area (Seegart et al., 2013).
The Monongahela River is a 4th order tributary that crosses West Virginia and
Pennsylvania before feeding into the headwaters of the Ohio River. This merger is above the
Hannibal Pool. The Monongahela River also contains locks and dams throughout most of its
length altering its natural hydrology (Argent et al., 2009). The sample site, Point Marion Pool, is
in the upper reaches of the Monongahela, before the Pennsylvania border and spans part of the
urban areas of Morgantown, WV.
The Kanawha River is a 6th order tributary that forms at the confluence of the Gauley and
New Rivers (Lizotte & Simmons, 1985; Willey, 1986). The sampling site is located in the
Winfield Pool and encompasses the capital region of Charleston, WV. Smallmouth bass appear
in higher abundances than largemouth bass (Rider & Margraf, 1997). The Kanawha feeds into
the Ohio River just upstream of the R.C. Byrd lock and dam.
Fish Processing:
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During Fall 2019 black bass were collected from the Monongahela River (Point Maron
Pool), Kanawha River (Winfield Pool) and Ohio River (Hannibal Pool) (Figure 1). Fish for this
study were collected via nighttime boat electrofishing conducted by the West Virginia Division
of Wildlife and provided on ice to the authors. In the laboratory at West Virginia University the
fish were measured, weighed and otoliths removed for aging. Viscera were removed in totality
and stored in Whirl Pak bags tagged with date, pool location and individual identification
numbers and frozen for later diet analysis.
Dietary analysis was conducted from spring 2021 - fall 2021. Stomachs were thawed in a
warm water bath and individually examined for gut contents. Post thawing the viscera was
placed in a glass dish and the digestive tract was extracted, gills removed, and digestive tract
weighed. Prey items were first coarsely identified as either fish, crayfish, or aquatic
macroinvertebrate. Prey size was recorded for fish as the length of vertebra and crayfish as
carapace length. Fish vertebrae were cleaned and spinal counts in addition to morphometric
characteristics were used to identify specimens to the lowest taxonomic order. Differential
digestion causes some prey species to digest in the stomach faster than others. Spinal counts
were used in conjunction with morphometric characteristics to identify all fish prey items
(Schmitt et al., 2017). Utilizing spinal counts increases the understanding of prey selectivity and
electivity. Where whole spines or whole crayfish remains were not present, the presence of the
diet item was recorded and accounted for in later calculations of percent of prey abundance by
number.
Vertebral Counts for Fish Taxa Identification
To aid in identifying prey, lists of potential prey fish species at sites were composed from
West Virginia Division of Natural Resource sampling, verbal correspondence and ORSANCO
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data (Table 1). Spinal counts were derived from literature and were verified/supplemented using
x-ray counts of preserved specimens. Fish were identified to family and to species when
possible.
Weight is an important component of dietary analysis; however, it requires that a wellpreserved specimen is removed from the stomach that has not undergone significant digestion.
To circumvent this issue, a novel approach combining archived samples and portable X-ray
technology was used to generate spinal to total length relationships that could then be used with
total length to weight relationships to determine the weight of the specimen consumed. This
approach assumes that the prey fish’s condition is ideal.
After identifying the stomach contents, archived samples were collected from historical
collections collected by the West Virginia Division of Resources and the West Virginia
University teaching collection (Table 3). Samples were then measured, arranged on the X-Ray
pad, diagramed and X-rayed with a metal object of known length. Metal was chosen to ensure it
would appear clearly in the image. Images were then post processed using Image J using the
object of known length to generate the scale. Spines were measured from the base of the skull
using the segmented line setting.
Spinal lengths were then related to total lengths to generate spinal to total length
relationships (Table 2). R-squared values are reported and range between 0.9585 - 0.9914. Total
lengths derived from the spinal length to total length relationships were then used with lengthweight relationships derived from literature to generate weights (Table 2). For crayfish,
estimated weights were calculated using carapace length - weight relationships derived from
Cambarus bartonii bartonii from Perry et al., (1996). Macroinvertebrates found within the
stomach were dominated by Chironomidae so a representative mean weight (0.00357 g) of
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Chironomidae from the common widespread harlequin fly, Chironomus riparius, in the area was
used to generate a percent weight (Grzybkowska et al, 2020).
Analysis
Analysis was conducted at three levels, between crayfish, macroinvertebrates and fish
consumed and again at the lowest taxonomic classification. The resolution can impact
importance so analyzing at these two levels was deemed necessary (Hansen, 1998). The relative
percent of frequency of occurrence (Fi) was calculated according to the equation:
%Fi = (F/Ft) *100
Where F is the number of stomachs containing the food item, and Ft is the total number of
stomachs examined (Barletta et al., 2020). The percentage of prey abundance by weight (%W)
was then determined for prey taxa and calculating according to the equation:
%Wi = (Wi/Wt) *100
Where Wi is the weight of the food item i and Wt is the total weight of the food items in the
stomachs examined. Percentage of prey abundance by weight is the most representative measure
of bulk and may be applied to all food items (Barletta et al., 2020). For incomplete remains of
fish and crayfish the average weight of prey consumed by that species within that river was used.
The percentage of prey abundance by number was then found using:
%Ni = (Ni/Nt) *100
Where Ni is the count of a food item and Nt is the total number of that food item in the stomachs
examined. The Index of Relative Importance was then found with the following:
IRIi= Fi*(%Ni + %Wi)
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The Index of Relative Importance incorporates frequency of occurrence (Fi), percentage by
number (%Ni), and percentage by weight (%Wi). The percent IRI of each river was calculated
by dividing the IRI by the total IRI for each river.
Linear regression was used to explore how prey size (fish and crayfish) responded to
black bass size between species within rivers using R statistical software. Lengths were used
only from complete spines and complete crayfish removed from the stomach. Predator length
was not normally distributed as indicated by significant Shapiro-Wilkes tests. Linear regression
of predatory-prey length produced non-homogeneous variances. This is a common occurrence
with length metrics (Gaeta et al., 2018). To address the lack of normality and non-homogeneous
variances, predator length was transformed according to a modified procedure derived from
Gaeta et al. (2018). Predator length and prey length were transformed (total length2, total length,
total length1/2, and loge total length). The suite of possible predator and prey length
transformations were then submitted to AIC model selection. The model with the lowest AIC
score was then selected. R squared values and p-values are reported. Bonferroni correction was
applied to correct for multiple comparisons.

Results
The three species across all three rivers consumed primarily fish, ~50%, and would be
categorized as piscivorous (Easton et al., 1996; Sammons, 2012) (Figure 2; Table 3). Across all
three sites, spotted bass consistently had higher frequencies of occurrence of crayfish and lower
of fish than the other two species. Frequency of occurrence of fish was highest in the Kanawha
River (69%) and lowest in the Monongahela River (43%) for smallmouth bass. Largemouth bass
consumed fish at higher frequencies in the Ohio, and Monongahela Rivers, 83% and 58%
respectively, than the Kanawha River (53%). Crayfish comprised a relatively low frequency in
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all three species on the Kanawha River, less than 15%. Of the three black bass species
largemouth bass consumed fish in the highest frequency on the Monongahela River (58%) and
Ohio River (83%). Smallmouth bass consumed the highest frequency of fish in the Kanawha
River (69%). Macroinvertebrate consumption was highest in the Kanawha River for smallmouth
bass and largemouth bass. In all other streams, macroinvertebrate consumption was under 5%
frequency and most commonly 0%.
When percent frequency was examined by taxonomic classification, patterns of
consumption between rivers diverged. In the Monongahela River consumption of any one
species for all black bass remained under 15% (Figure 3; Table 4). Smallmouth bass consumed
Notropis in the highest frequency (15%) followed by Dorosoma cepedianum, gizzard shad
(7.5%). Smallmouth bass consumed 4 out of 6 species consumed in the Monongahela River and
the only bass species where consumption of Etheostoma was recorded (5%). Spotted bass
consumed Notropis (7%) and Percina (11%) and had the lowest diversity of fish consumed in
this river. Spotted bass diversity in terms of fish taxa consumed was lowest in the Monongahela
River.
In the Kanawha River all three species consumed higher frequencies of Centrarchidae
and Notropis. Smallmouth bass consumed the widest array of fish and exhibited the most
diversity between the three rivers in the Kanawha River (Figure 3). Largemouth bass consumed
only Centrarchidae and Notropis. Frequency of Centrarchidae in the diet was similar for
largemouth bass and smallmouth bass, 24% and 18% respectively. Smallmouth bass consumed
Notropis with higher frequency (20%) than largemouth bass (12%). Spotted bass and
smallmouth bass consumed Ictaluridae which were not consumed in the other rivers.
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In the Ohio river, Centrarchidae and gizzard shad (Dorosoma cepedianum) were
consumed in the highest frequency (Table 4). Centrarchidae was present in the highest frequency
in smallmouth bass (24%) and largemouth bass (92%). All three species consumed gizzard shad.
Spotted bass consumed gizzard shad in the highest frequency and it is the only instance where it
consumed prey more frequently than largemouth or smallmouth bass. Spotted bass however have
a reduced sample size when compared to the other two species (Table 3, 4).
The percent weight by taxonomic classification demonstrates that crayfish made up a
significant portion of the weight despite being consumed less frequently (Figure 2; Table 3). On
the Kanawha River largemouth bass and spotted bass consumed a higher percentage by weight of
fish compared to crayfish and had similar percentages, 85% and 78% respectively. The high
percent weight occurs despite largemouth bass having a lower frequency of occurrence and
percent by number of crayfish. On the Monongahela River, largemouth bass consumed higher
percent by weight of crayfish compared to spotted bass, 57% and 36% respectively, despite the
lower frequency of occurrence. Largemouth bass consumed 64% by weight in the Monongahela
River, the highest of the three rivers (Table 3). In the Ohio River, smallmouth bass and
largemouth consumed the highest proportions of fish (93% and 100%) for each species. Across
all three rivers smallmouth bass consumed high percent by weight of fish (> 80%) compared to
crayfish and remain consistently high despite changes in the frequency of occurrence and percent
by number. Macroinvertebrates composed an insignificant portion of the overall percent by
weight except in the Kanawha River. In the Kanawha River, macroinvertebrates compose less
than 1%.
When percent weight of fish is examined more closely, species dominating the diets of
Black Bass are revealed. In the Kanawha River, smallmouth bass diets were dominated by
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Notropis and Centrarchidae (35% and 25%) (Table 4). Notropis was consumed in higher
numbers than Centrarchidae, 41% to 37% respectively. Largemouth bass diets were similarly
dominated by Centrarchidae (54%) followed by Notropis (18%). Spotted bass percent by weight
was dominated by Notropis (19%) followed by Centrarchidae (15%). In the Monongahela River,
smallmouth bass fish consumption by weight was composed mostly of Notropis and gizzard shad
with gizzard shad dominating (52%). Largemouth bass similarly consumed gizzard shad as well
as Centrarchidae in similar proportions. Spotted bass was the only species to consume Percina
and did so in higher weight percentages (81%). In the Ohio River, smallmouth bass consumed
high percentages of Etheostoma and Centrarchidae, 19% and 33% respectively. Largemouth
bass consumed Centrarchidae in the highest percent weight (Table 4). Spotted bass were
underrepresented and in the only individual that contained fish, gizzard shad was present.
Percent IRI was calculated on the prey categories as well as fish taxa within rivers (Table
4, 5). At the prey category resolution for smallmouth and largemouth, fish were the most
important in all of the rivers but varied in their importance (Table 5). In the Kanawha River, the
consumption of fish was more important for smallmouth bass than spotted bass or largemouth
bass, 42% compared to 23% and 21%. Crayfish were more important to spotted bass than the
other two species. In the Monongahela River, crayfish were more important to spotted bass diets
(19%) than fish (9%). In the Ohio River, smallmouth bass display a higher percent importance of
fish to their diet than largemouth or spotted bass, 28% and 11% respectively. In the Ohio river
again crayfish are more important to spotted bass diets (22%).
When fish consumption is examined more closely, Centrarchidae, Notropis and gizzard
shad are repeatedly important to the three black bass species (Table 4). In the Kanawha River
Centrarchidae is important to largemouth bass (34%) and smallmouth bass (17%) and Notropis
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is important to smallmouth bass (17%) and spotted bass (16%). Smallmouth bass’s two most
important fish species are the most important for the other two black bass species. In the
Monongahela River there is less overlap in the most important taxa. Notropis has the highest
percent importance for smallmouth bass (18%), Centrarchidae for largemouth bass (11%) and
Percina for spotted bass (32%). Gizzard shad have shared importance to smallmouth bass and
largemouth bass, 12% and 8% respectively. Spotted bass were not included in the percent IRI
calculation due to their low sample size in the Ohio River. Smallmouth bass in the Ohio River
place a higher importance on gizzard shad (3%) than largemouth bass (3%). Largemouth bass
place more importance on Centrarchidae (26%) than smallmouth bass (8%).
Prey Size Regressions
Prey size and predator length was assessed to determine if prey size was increasing with
predator size. Prey lengths and predator lengths were not normally distributed and were
transformed according to the procedure in Gaeta et al. (2018). All prey lengths and predator
lengths were transformed in the following fashion: total length2, total length, total length1/2, and
loge total length. Then Shapiro-Wilks was used to determine normality for each. Regression
models were then created with the combinations of normal transformations and ranked using
AICc. The lowest ranked was then used to assess the relationship. Due to small sample size, a
regression relationship could not be made between spotted bass and fish prey length or for
crayfish carapace length in the Ohio River. The Bonferroni correction became p-value <0.0056.
Overall, there were only two significant relationships between prey fish size and black
bass size (Figure 8-9; Table 6). Smallmouth bass size and prey fish size is significantly positively
correlated on the Monongahela River with 0.60 of the variation explained. On the Ohio River,
length of smallmouth bass is significantly correlated with prey length and explains 69% of the
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variation witnessed in prey length. No significant relationships were detected between bass
lengths and crayfish lengths on any of the rivers (Table 6).

Discussion
This study aimed to elucidate dietary patterns that may indicate similar resource use
between largemouth, smallmouth and spotted bass in West Virginia’s navigable rivers to gain an
additional perspective on an aspect that could be impacting growth and condition. Brown’s work
(2022) indicated that black bass were potentially taking a more r-selective approach by growing
quickly in the younger years of life and then more slowly later on with depreciating condition.
Most notably largemouth bass in the upper Ohio river, encompassing this study area,
demonstrate that von Bertalanffy growth models for largemouth bass deviate significantly from
the 50th percentile range wide growth estimate at 5 years old and older, exiting the 75th percentile
range at 7 years old (Brown, 2022). Smallmouth bass in the Ohio River exhibit above average
growth at younger ages and approach the 50th percentile as they age. More coarsely, smallmouth
bass and largemouth bass in the Hannibal pool in the upper Ohio River consume fish more
frequently than other prey items. Distinctly in the Ohio River, largemouth bass did not exhibit
crayfish consumption. This could be a temporal artifact but warrants more exploration. Sampled
largemouth bass were composed exclusively of young of year in this study while smallmouth
bass covered an age range of 0-5 with a mean age of 1. The high importance of fish to young of
year largemouth bass, high growth rate and lack of crayfish consumption suggests that they are
switching to piscivory quickly and potentially exploiting young of year Centrarchidae and
Moronidae (Table 4). Centrarchidae consumption is supported by Shepherd & Maceina (2009)
which found that 21% of the fish species consumed by largemouth bass were sunfish, Lepomis.
Largemouth bass also consume gizzard shad, however its percent IRI is lower compared to other

219

fish species consumed in the Ohio River. The wider representation of ages in smallmouth bass
limits direct comparison, but it should be noted that although Centrarchidae are consumed in
high numbers and compose a notable fraction of the percent weight consumed by smallmouth
bass. This as well as its high ranking in the index of importance in the Ohio River suggests some
overlap in dietary exploitation of species. It is unknown whether or not gizzard shad becomes
more important to largemouth bass as they age in this system. Gizzard shad have been linked to
largemouth bass growth and were found to be the most important species in lentic year one and
older largemouth bass (Stock, 1986). In Garvey & Stein (2011) largemouth bass young of year
growth rate was explored in a bluegill and gizzard shad dominated reservoir. Growth rates of
bass in systems dominated by gizzard shad exceeded those in bluegill dominated systems and
produced the largest largemouth bass in fall. However the gizzard shad dominated systems
displayed more variability. Gizzard shad have also been noted to impact the growth of
smallmouth bass in a heavily utilized reservoir, but has been explored far less than in largemouth
bass (Heisey, Mathur & Magnusson, 1980). Research on gizzard shad and black bass growth is
dominated by reservoir studies and would benefit from exploration in lotic environments.
In the Monongahela River fish are similarly important for smallmouth bass and
largemouth bass, 29% and 24% respectively, and crayfish are similarly important for spotted
bass and largemouth bass, 19% and 13% respectively. This seems to suggest that largemouth
bass are displaying intermediate dietary characteristics of smallmouth bass and spotted bass.
Largemouth bass are conventionally deemed piscivorous, however increased importance of
crayfish is not unheard of, but not conventionally perceived (Braun & Walsher, 2011). Braun &
Walsher (2011) found that fall largemouth bass diets in the Boise River, Idaho indicated bass
were piscivorous at small sizes, <100mm, but consumed 19% crayfish. Shepherd and Maceina
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(2009) also indicated high percent weight of crayfish consumed by largemouth bass in the
presence of spotted bass and striped bass. The present study encompasses a larger size range of
fish, 84mm – 341 mm, however it is dominated by young of year with a median age of 1. This
overlap with spotted bass, which was dominated by age 0 and age 1 fish, (average age =1 year)
and their tendency to occupy similar habitats suggests potential competition if resources are low.
The lack of clear specialization and probability of habitat overlap demonstrates potential for
competition between largemouth and spotted bass for resources as was found in Godbout (2009)
that should be further examined in the Monongahela River (Zhao et al., 2014; Goclowski et al.,
2013; Pope et al., 2004).When species of fish consumed is explored. All three species indicate
different taxa as the most important suggesting that although fish is highly important they
differentially exploit the resources. There are some overlapping taxa consumed. Gizzard shad
appear as the second most important fish species consumed by smallmouth and largemouth bass
with smallmouth bass consuming the most by weight. Potential for competition exists between
spotted bass and smallmouth bass due to the frequency of Notropis consumed. This has the
potential to be offset by the consumption of Percina by spotted bass, which was the only species
recorded to consume that taxon in the Monongahela River. If resources are scarce, largemouth
bass may be placed in a resource corner where moving between one resource or another puts it in
direct competition with one of the other black bass species. If largemouth bass demonstrate semipermanent foraging patterns as they have demonstrated in other system shifting competition over
time as abundances of forage fish and crayfish oscillate may leave them at a disadvantage by not
allowing them to exploit a previously unexploited resource (Schindler et al., 1997; Jo et al.,
2016). The results presented here only concern the fall of 2019 and should be explored across
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seasons and years to attain a deeper understanding because Garvey & Stein (2011) state that in
low gizzard shad abundance years, largemouth bass would consume other prey.
Overall, fish consumption displayed high IRI percentages for all three black bass species
in the Kanawha River. Of the three rivers, spotted bass places the highest importance on fish in
the Kanawha River and the importance of crayfish was lowest for smallmouth bass than in the
other two rivers. The importance of macroinvertebrates to the smallmouth bass and largemouth
bass was greater than in the other two rivers and was composed mostly of chironomids, (>75%).
The importance of macroinvertebrates in fall suggests delayed piscivory since age compositions
are similar (Smallmouth bass mean age = 0; largemouth bass mean age =1). Further research
should explore if this is a recurring pattern in this population since it has the potential to impact
energy stores and overwinter survival.
The Kanawha River was the only river where gizzard shad consumption was not
recorded (Table 4). Instead Centrarchidae and Notropis were the two highest consumed fish
species for all three black bass species. Smallmouth bass and spotted bass were both placed high
importance on Notropis and catch numbers for smallmouth bass were much higher (295) than for
spotted bass (93) (Brown, 2022). High CPUE-Q, CPUE for quality-sized (280 mm) and above
individuals, for spotted bass and smallmouth bass warrant further research on potential
competition between these two species. Smallmouth bass and spotted bass were also observed
consuming Ictaluridae. The Kanawha River was the only location where Ictaluridae were
consumed. Previously spotted bass have been recorded consuming Ictaluridae species in other
systems, however literature was not found demonstrating Ictaluridae consumption in smallmouth
bass (Churchill & Bettoli, 2015). Ictaluridae did not demonstrate a high IRI, but the occurrence
is still notable since it could indicate that resources are low during Fall 2019 causing spotted and
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smallmouth bass to eat less desirable prey. Centrarchidae were again the most important fish
consumed by largemouth bass.
Overall, largemouth bass tends to interact dietarily more with smallmouth bass and
spotted bass than the two do with each other. Lack of interaction between smallmouth bass and
spotted bass is supported by research conducted on the New River where differences in habitat
occupancy kept the two species from competing despite high dietary overlap for bass >40mm
(Scott & Angermeier, 1998). Largemouth bass appears to hold a median position between
smallmouth bass and spotted bass. This is contradictory to the Sammons (2012) study which
found spotted bass to reside in an intermediary position between shoal bass and largemouth bass.
Similarity between largemouth bass and smallmouth bass diet is contrary to Long & Fisher
(2000), which found largemouth bass to consume primarily fish and smallmouth bass diets to be
insectivorous and similar to spotted bass asboth juveniles and adults. Difference in the findings
may be attributed to environmental differences. The Long & Fisher (2000) study was conducted
in reservoirs in Oklahoma, outside of the natural range for these three black bass species.
It is important to acknowledge the history of the study rivers and the potential impact it
may have on observed feeding. All three rivers are navigable rivers with locks and dams that
have significantly altered their ecosystem characteristics. Homogenization due to the dredging
and impoundment has the potential to impact habitat occupancy and species assemblages.
Homogenization has the potential to impact fish diets by altering species assemblages.
Additionally, the unique differences in diet and importance between the rivers may be a legacy
effect of recovery and recolonization. All three rivers experienced devastating water pollution
described in one article as paralyzing until the 1970s that left the rivers habitable for only the
hardiest species (Pearson and Krumholz 1984; Thomas et al., 2005; Waldron & White 1989;
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Schwartz & William, 1962; Klarberg & Benson, 1975). Although the species have returned they
may not be able to escape the shadow of the past and still have contemporary issues to reckon
with.
Turbidity and sedimentation is a contemporary issue that may be exerting a structuring
force on trophic interactions in the study systems. Between rivers, habitat suitability for forage
species could be different based on sedimentation rates, applying a bottom-up structuring force
to the predator assemblages (Dibble and Harrel, 1997). Spatially, sedimentation has been noted
to impact black bass organizational processes. Miranda et al (2021) noted that in 10 reservoirs in
the Tennessee River that sedimentation may have been the dominating force impacting the
habitat occupancy of smallmouth, largemouth and spotted bass. While sedimentation may be
impacting the occupancy and quantity of habitat for black bass and its prey, turbidity may be
directly influencing predation. Turbidity impacts the reactive distance of fish and in largemouth
bass has been noted to impact prey selectivity (Shoup & Wahl, 2009). In control conditions, low
turbidity, largemouth bass selected for gizzard shad over bluegills and negatively selected for
crayfish. At 10 NTU all prey were selected equally. At 40 NTU bluegills were selected for with
more frequency than other prey types by largemouth bass (Shoup & Wahl, 2009). In a similar
study conducted by Carter et al., (2011) smallmouth bass were presented with crayfish, golden
shiners, Notemigonus crysoleucas, and round goby, Neogobius melanostomus. At low turbidity
levels (0 and 5 NTU) smallmouth bass selected for round goby, but at higher levels of turbidity
(40 NTU) smallmouth bass selected for golden shiners. Potential differences in black bass
reaction to the same prey items in turbid environments represents a gap in our understanding of
how turbidity impacts behavior and may impact dietary overlap. The impact of turbidity as a
trophic structuring mechanism is worth exploring in the navigable rivers of West Virginia. In the
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Ohio River turbidity regularly exceeds behavioral thresholds with some observations exceeding
100 NTU, supporting that diet may be shaped by the turbidity (Brown, 2022; Appendix:Table 1).
In addition to selectivity, turbidity may be impacting predation success and the amount of energy
expended in relation to energy acquisition (Sweka & Hartman, 2003). Further research is needed
to try and assess the predation success of black bass in situ.
This study demonstrates the variability in consumption patterns between black bass in
large navigable rivers within what could be considered a similar ecological landscape. All three
rivers displayed distinct feeding behavior with some common threads suggesting that although
the components are the same between systems the way that they interact with each other is
different. This study is limited since it is only a snapshot in time. This study assumes that at the
time of capture, no further consumption would have occurred for the remainder of the night and
that stomach contents are representative of what these species were feeding on in general. Fish
were only captured in the fall and thus, generalizations cannot be extended to other seasons.
Overlaps and distinctions may change throughout the year and over time especially since these
species are generalist with known flexibility depending on scarcity (Easton et al., 1996; Long &
Fisher, 2000). This study is significant because it gives a snapshot into the dietary behavior of
economically important sympatric species that are displaying average to low productivity
(Brown, 2022). This study is also significant because it presents a new way to process and gather
dietary information. Utilizing spinal to total length relationships generates informative dietary
metrics from fish that may be identified through strict morphometrics. Spinal counts paired with
DNA extracted from spines could provide a fine scale resolution of dietary categorization that
could then be paired with dietary metrics or bioenergetic analysis for more power.
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Tables & Figures
Figures

Figure 1. Sampling locations in the Point Marion Pool, Monongahela River, Hannibal Pool, Ohio
River and Winfield Pool, Kanawha River during Fall 2019. Pools are named after the down
stream dam. Major cities are noted with colored stars.
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Figure 2. Percent frequency of occurrence, percent frequency by number and percent by weight of prey items for largemouth
bass (A), smallmouth bass (B), and spotted bass (C) in the Kanawha, Monongahela, and Ohio Rivers

.
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Figure 3. Percent IRI calculated by multiplying the percent frequency of occurrence Fi by the summation of percent by number,
%Ni, and percent by weight, %Wi, of prey items for Kanawha, Monongahela, and Ohio Rivers.
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Figure 4. Percent frequency of occurrenceof prey fish in the Monongahela, Kanawha and Ohio rivers for smallmouth bass,
largemouth bass and spotted bass. Smallmouth bass consume the highest diversity of fish, 5, followed by spotted and
smallmouth bass. Smallmouth bass is the only species to consume Aplodinotus, Etheostoma and Percina. Spotted bass are the
only species to consume Ictalurus. Largemouth bass only consume Centrarchidae and Notropis. In the Monongahela River
smallmouth bass and largemouth bass consumed four different species. Spotted bass consumed only two of the species found.
Smallmouth bass consumed Etheostoma, largemouth consumed Aplodinotus and spotted bass consumed Percina exclusively.
In the Ohio River smallmouth bass again consumed a wider array of species than the other two black bass species. Spotted
bass consumed exclusively Dorosoma cepedianum. Notropis and Aplodinotus were consumed exclusively by smallmouth
bass and largemouth bass consumed Morone exclusively.
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Figure 5. Percent by number of prey fish in the Monongahela, Kanawha and Ohio rivers for smallmouth bass, largemouth
bass and spotted bass.
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Figure 6. Percent by weight of prey fish in the Monongahela, Kanawha and Ohio rivers for smallmouth bass, largemouth
bass and spotted bass.
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Figure 7. Percent by IRI of prey fish in the Monongahela, Kanawha and Ohio rivers for smallmouth bass, largemouth bass, and
spotted bass.
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Figure 8. Linear regression of transformed total fish prey length and total predator length for
each black bass species in the Monongahela, Kanawha, and Ohio Rivers. Two relationships were
significant, prey length explained by smallmouth bass length in the Monongahela River (p-value
= 0.001105) and prey length explained by smallmouth bass length in the Ohio River.
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Figure 9. Linear regression of transformed total crayfish carapace length and total predator
length for each black bass species in the Monongahela, Kanawha, and Ohio Rivers. No
significant relationships were found.
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Tables
Table 1. List of species found within the Kanawha, Monongahela and Ohio Rivers and their
spinal counts derived from literature and X-Rayed specimens.
Species
Dorosoma cepedianum
Campostoma anomalum
Cyprinella spiloptera
Macrhybopsis storeriana
Notropis antherinoides
Notropis volucellus
Notropis simus
Ictiobus bubalus
Ictalurus punctatus
Monrone saxatilis
Micropterus punctulatus
Sander canadensis
Aplodinotus grunniens
Cyprinus carpio
Carpiodes carpio
Lepomis macrochirus
Carpiodes cyprinus
Plodictis olivaris
Lepomis megalotis
Micropterus salmoides
Pomoxius nigromaculatus
Moxostoma duquesnei
Morone chyspos
Ambloplites rupestris
Lepmois cyanellus
Lepomis gulosus
Percina oxyrhynchus
Lepisosteus osseus
Notropis buchanani

Common Name
Gizzard shad
Central Stoneroller
Spotfin shiner
Silver chub
Emerald Shiner
Mimic Shiner
Bluntnose Minnow
Smallmouth Buffalo
Channel Catfish
Stripped Bass
Spotted Bass
Sauger
Freshwater Drum
Common Carp
River Carpsucker
Bluegill
Quillback
Flathead Catfish
Longear sunfish
Largemouth bass
Black crappie
Black redhorse
White Bass
Rock Bass
Green Sunfish
Warmouth
Sharpnose Darter
Longnose Gar
Ghost Shiner

Notropis wickliffi
Ictiobuus niger
Minytrema melanops
Percina caprodes
Percina sciera
Pimephales vigilax
Moxostoma erythrurum
Hypentelium nigricans
Etheostoma blennioides
Etheostoma caeruleum
Micropterus dolomieu
Etheostoma zonale
Percina macrocephala
Perca flavescens

Channel Shiner
Black Buffalo
Spotted Sucker
Log perch
Dusky Darter
Bullhead minnow
Golden Redhorse
Northern Hogsucker
Greenside darter
Rainbow Darter
Smallmouth Bass
Banded Darter
Longhead Darter
Yellow Perch

Count
47 - 50
41 - 44
33 - 36
38 - 41
39 - 40 (38 - 41)
35 - 37
35 - 38
36 - 37
46 - 48
24
32 - 33
43 - 45, 44 - 45
24
35 - 36
38 - 40
28 - 30
35 - 36
50 - 51
30
30 - 33
31 - 33
43 - 47
24 - 25
29 - 32
28 - 30
28 - 30
42 - 43
61 - 66
35

Source
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Nowroozi & Brainerd, 1983
X-Rayed WVU Teaching Collection
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Auer, 1982
Coburn 1986

33 - 36
Eisenhour, 1997; X-Rayed WVU Teaching Collection
37
Auer, 1982
43 - 44
Auer, 1982
41 - 42
Auer, 1982
40 - 41
Kuehna & Barbour, 1983
35 - 38
Auer, 1982
39 - 43
Auer, 1982
49 - 51
Auer, 1982
40 - 44
Auer, 1982
42 - 45
Auer, 1982
31 - 32
Auer, 1982
31 - 39
Auer, 1982
44 - 45
Auer, 1982
38 - 41, 40 - 41 (39 - 42)
Auer, 1982
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51

N

32 - 82

32 - 81

45-123

Range

0.4905x + 5.9102

1.4834x + 3.7641

1.8725x + 1.2986

1.8067x + 1.3178

Spinal Length - Total Length

0.9872

0.9621 Freshwater Drum, Aplodintus grunniens
0.9726 Rainbow Darter, Etheostoma caeruleum
Channel Catfish, Ictalurus punctatus

0.01110 L^ (2.956)

0.0055 L^ (3.14)

0.00483 L^ (3.000)

0.01413 L^ (3.13)

Carlander, 1969

Lotrich, 1997

Crawford, 1993

Source TL - Weight
Carlander, 1969

TL - Weight

Table 2. Spinal length to total length and total length to weight relationships developed for each genus represented in the diets.
Representative species for each taxon were used to generate the spinal to total length relationships. Centrarchidae spinal length to
total length was derived from Lepomis sp., spotted bass, Micropterus punctulatus, and smallmouth bass, Micropterus dolomieu.
Spinal length to total length relationship for Aplodinotus was created using freshwater drum, Aplodinotus grunniens, specimens.
The Moronidae relationship was created using striped bass, Morone saxatilis. The Percina relationship was created using samples
from channel darter, Percina Copelandi, logperch, Percina Caprodes and longhead darter, Percina macrocephala. The spinal
length to total length relationship for Etheostoma was created using samples from johnny darter, Etheostoma Nigrum, banded
darter, Etheostoma zonale, rainbow darter, Etheostoma caeruleum and greensided darter, Etheostoma blennioides. Finally, the
relationship for Ictaluridae was created using channel catfish, Ictalurus punctatus, and the Notropis relationship was created using
samples from Mimic Shiner, Notropis volucellus, Channel Shiner, Notropis wickliffi and Emerald Shiner, Notropis atherinoides.

39
62 - 270

2

Centrarchidae
63

Species TL- Weight
Bluegill, Lepomis macrochirus

Aplodinotus
14

Mansueti, 1961

R
0.9585

Ictalurus

Etheostoma

Striped Bass, Monroe saxatillis

Lotrich, 1997

Carlander, 1969

Carlander, 1969

0.00614 L^ (3.153)
0.00550 L^ (3.14)

0.01050 L^ (2.730)
Channel Darter, Percina copelandi

0.01000 L ^ (2.970)

Emerald Shiner, Notropis atherinoides
-

0.9872
0.9914

0.9257
0.9853

1.8096x + 8.3441
1.5824x + 1.8717

1.5958x + 5.7452
1.5878x + 10.523

37 - 92
43 - 114

99 - 174

65 - 213

12
43

102
54

Notropis
Percina

Moronidae

Dorosoma cepedianum
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% Weight

Largemouth
Bass

Smallmouth
Bass

30

17

49

20

13.33

5.88

4.08

58.33

42.5

46.67

52.94

69.39

-

-

2.5

-

29.41

10.2

16

42.86

31.71

35.14

36.67

29.41

18.37

-

23.68

66.67

48.48

36.67

14.81

1.72

8.62

50

100

76.32

33.33

51.52

60

85.19

24.14

72.41

-

-

-

-

-

3.33

-

74.14

18.97

82.48

-

6.68

43.27

63.93

15.5

51.04

21.54

15.18

17.53

1

93.32

56.73

36.07

84.51

44.78

78.46

84.82

-

-

-

-

-

-

-

0.41

0.06

Fish Macroinvertebrate

Spotted Bass
40

25

21.43

-

16.67

50

Crayfish

Smallmouth
Bass
24

35.71

64

-

-

Fish Macroinvertebrate

% by Number

Largemouth
Bass

28

32

83.33

-

Empty Crayfish

Spotted Bass

25

-

50

Fish Macroinvertebrate

Frequency of Occurrence

Smallmouth
Bass

13

50

Crayfish

Largemouth
Bass

2

N

Table 3. Number of samples per river per species per river. The percent frequency of occurrence, percent by number and
percent weight of prey items in Black Bass in the navigable rivers of West Virginia during fall 2019.

Kanawha
River

Monongahela
River

Ohio River

Spotted Bass
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Table 4. The percent frequency of occurrence (%Fi), percent by number (%Ni), percent by
weight (%Wi) and percent IRI (%IRI) of fish taxa in the diet of Black Bass in the navigable
rivers of West Virginia during fall 2019.
Centrarchidae
Aplodinotus
Etheostoma
Ictaluridae
Smallmouth Bass
Moronidae
Notropis
Percina
Dorosoma cepedianum

Kanawha
River

Largemouth Bass

Centrarchidae
Aplodinotus
Etheostoma
Ictaluridae
Moronidae
Notropis
Percina
Dorosoma cepedianum

%Wi

%IRI

34.76

16.93

8.16
2.04
20.41
2.04
-

14.81
3.7
40.74
3.7
-

2.48
1.15
24.99
2.07
-

1.81
0.13
17.22
0.15
-

23.53
11.76
-

60
40
-

53.73
17.69
-

34.35
8.71
-

-

-

-

-

20
6.67
73.33
15.38
15.38
46.15
23.08
36.36
18.18
18.18
-

15.42
0.46
19.27
7.38
3.25
9.95
51.64
26.69
0.64
4.19
-

4.55
0.30
15.85
2.44
1.99
18.01
12.00
10.80
3.22
3.83
-

Dorosoma cepedianum

8

27.27

24.87

8.93

Centrarchidae
Aplodinotus
Etheostoma
Ictaluridae
Moronidae
Notropis
Percina

7.14
10.71

40
60

2.41
80.9

6.48
32.30

Dorosoma cepedianum

Ohio River

%Ni
37.04

10
3.33
13.33
5
5
15
7.5
8
8
8
-

Centrarchidae
Aplodinotus
Etheostoma
Ictaluridae
Spotted Bass
Moronidae
Notropis
Percina
Dorosoma cepedianum
Centrarchidae
Aplodinotus
Etheostoma
Ictaluridae
Smallmouth Bass
Moronidae
Notropis
Percina
Dorosoma cepedianum
Centrarchidae
Aplodinotus
Etheostoma
Ictaluridae
Monongahela Largemouth Bass
Moronidae
River
Notropis
Percina

Spotted Bass

%Fi
18.37

-

-

-

-

Centrarchidae
Aplodinotus
Etheostoma
Ictaluridae
Smallmouth Bass
Moronidae
Notropis
Percina
Dorosoma cepedianum
Centrarchidae
Aplodinotus
Etheostoma
Ictaluridae
Largemouth Bass
Moronidae
Notropis
Percina

24
4
8
12
91.67

52.94
5.88
17.65
23.53
22.22
55.56
-

19.18
0.48
6.08
32.88
36.72
16.48
-

8.24
0.12
0.90
3.22
25.73
11.44
-

Dorosoma cepedianum

16.67

22.22

11.98

2.72

Centrarchidae
Aplodinotus
Etheostoma
Ictaluridae
Moronidae
Notropis
Percina
Dorosoma cepedianum

50

100

100

47.63

Spotted Bass

33.33
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Table 6. The percent index of relative importance expressed as percentage for each prey type for
each black bass species in the Kanawha River, Monongahela River and Ohio River. Percent IRI
of each river was calculated by dividing the IRI by the total IRI for each river.

Kanawha River

Prey

% IRI

Smallmouth Bass

Crayfish
Fish

0.37
42.11

Largemouth Bass

Macroinvertebrate
Crayfish
Fish

0.75
0.53
20.97

Macroinvertebrate
Crayfish
Fish
Macroinvertebrate

8.46
3.39
23.41
-

Crayfish
Fish

4.98
29.29

Macroinvertebrate
Crayfish
Fish
Macroinvertebrate

0.04
13.4
24.37
-

Crayfish
Fish
Macroinvertebrate
Crayfish
Fish
Macroinvertebrate
Crayfish
Fish
Macroinvertebrate
Crayfish
Fish
Macroinvertebrate

18.72
9.20
3.21
35.90
27.83
21.90
11.16
-

Spotted Bass

Smallmouth Bass

Monongahela River

Largemouth Bass

Spotted Bass

Smallmouth Bass

Ohio River

Largemouth Bass

Spotted Bass
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Table 7. Regression parameters for linear regression of prey length – predator length. Data was
transformed, total length2, total length, total length1/2, and loge total length, to achieve normality.
The data transformation was chosen using AIC. Only two relationships significantly explained
prey length in relation to prey length indicated by the *, smallmouth bass length on the
Monongahela River and Smallmouth bass on the Ohio River.
Prey Fish
River
Transformation
Bass Species
p-value
Standard Error R^2
Smallmouth Bass *0.001105
0.43831
0.6021
Monongahela
log(y) ~sqrt (x)
Largemouth Bass
0.0392
0.04103
0.3249
Spotted Bass
0.244
0.1017
0.2135
Smallmouth Bass
0.411
0.3956
-0.0117
Kanawha
sqrt(y) ~ log (x)
Largemouth Bass
0.134
0.2696
0.1652
Spotted Bass
0.1208
0.1804
0.1114
Smallmouth Bass *0.0000226
0.1621
0.6892
Ohio
log (y) ~ log (x)
Largemouth Bass
0.547
1.0185
-0.0809
Spotted Bass
Crayfish
Smallmouth Bass
0.2639
1.136
0.05604
Monongahela
sqrt(y) ~ log(x)
Largemouth Bass
0.479
0.02684
-0.0437
Spotted Bass
0.867
0.13016
-0.1379
Smallmouth Bass
Kanawha
log(y) ~ log (x)
Largemouth Bass
0.134
0.2696
0.1652
Spotted Bass
0.318
1.999
0.3179
Smallmouth Bass
0.136
0.7425
0.4368
Ohio
log(y) ~ log (x)
Largemouth Bass
0.547
1.0185
-0.0809
Spotted Bass
-
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Appendix
Figures
Figure 1. Total dissolved solids in the Kanawha, Monongahela, and Ohio River from June 2019December 2021 (Ohio River Valley Water Sanitation Commission, 2000). On the chart 40 NTU
is indicated by a solid black line to demonstrate instances where turbidity conditions would
impact black bass feeding behavior (Shoup & Wahl, 2009; Carter et al., 2011).
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Tables
Table 1. Total dissolved solids in the Ohio, Kanawha, and Monongahela Rivers from summer
2019 until fall 2021 derived from Ohio River Valley Water Sanitation Commission turbidity
measurements. On more than one occasion the turbidity exceeds threshold that would indicate a
modification in largemouth and smallmouth behavior (Shoup & Wahl, 2009; Carter et al., 2011).
River

Ohio

Monongahela

Kanawha

Location

Date
mg/L
11/16/2021 6.0
9/14/2021 26.0
7/13/2021 4.5
5/19/2021 3.8
3/3/2021 201.0
1/26/2021 2.7
11/18/2020 5.0
Hannibal Pool
9/16/2020 5.2
7/21/2020 4.0
3/11/2020 5.5
1/14/2020 11.2
11/13/2019 4.0
9/18/2019 6.2
7/23/2019 46.0
11/10/2021 3.8
9/8/2021
7.0
7/12/2021 9.8
5/5/2021
24.2
3/11/2021 18.8
1/12/2021 6.0
South Pittsburgh 11/10/2020 2.0
9/8/2020
5.2
7/20/2020 6.5
3/9/2020
41.5
1/16/2020 57.2
9/16/2019 5.2
7/2/2019
21.2
11/16/2021 4.0
9/16/2021 23.0
5/6/2021
20.0
3/16/2021 4.8
1/21/2021 5.0
11/9/2020 8.0
Winfield
9/1/2020
37.0
3/17/2020 18.8
1/14/2020 45.6
11/20/2019 3.2
9/12/2019 20.8
7/11/2019 9.8

NTU
18.0
78.0
13.5
11.4
603.0
7.1
15.0
15.6
12.0
16.5
33.6
12.0
18.6
138.0
11.4
21.0
29.4
72.6
56.4
18.0
6.0
15.6
19.5
124.5
171.6
25.6
63.6
12.0
92.0
60.0
14.4
15.0
24.0
111.0
56.4
136.8
9.6
62.4
29.4

246

